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IV. DESCRIPTION OF HAZARDOUS WASTES {continued} .,.
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VIII. GENERAL INFORMATION

alz2||1]|7l {ololn ' | ofsl3

1. General facility description &. Contingency plan 11. Closure/post-closure plans
2. Chemical & physical analysis 7. Preparedness/prevention 12. Cost estimates '

3. Waste &nalysis plan 8. Traffic information 13. Liability mechanism

4. Security procedures 8. Location information 14. Financia? assurance

5. Inspection schedule 10. Training program 15. Topographic map

T e TR A S e e e e

dg;.,._h.—.r-:; Y

IX. SUPPLEMENTAL [HFORMATION

attach for all applications:
1. Hydrcgéological report
2. Environmental assessment

3. Envirconmental monitoring program
4. Engineering plans

Attach for.operating license applications only:

1. For neiw facilities, coristruction cértification
2. Capability certification/compliance schedule
3. Proof of other'permits or licenses

4. Restrictive covenant (Tandfills only)

KA. FACILITY SPECIFIC INFORRATION o2 e

Attach the required technical information for each of the fo

1. Containers 5. Surface impoundments

2. Tanks : 6. Waste piles
3. Incineration or thermal treatment 7. Landfills

4. Treatment 8. lLand treatment ' B

1Towing:

PAGE 4 OF 5 CONTINUE ON PAGE
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(4)

(5)

{6)

The petiticn should include a copy of the
alr menitoring nlan and the surface water
drainage and sediment monitoring »nlan that
will be implemented under the RCRA permit.
These should iaclude the background values
that the monitoring results will be comparad
to. Also, the submittals should indicate
what actions will be taken if background
values are exceeded.

The petition should address in detail the
elements of design and operation that will
eliminate migration of hazardous
constituents into air and surface water.
Because the no-migration standard must also
be met after post-closure, the discussion
should also give consideration to worst-case
events after the post-closure period that
could expose hazardous constituents to the
envircnment. For example, what elements of
design-and operation will ensure that
long-term erosion of the final cover will
not expose fine particulate waste to wind
dispersal and precipitation runoff? What
would prevent leachate accumulation from
entering surface water drains after
post-closure, assuming failure of the cover
system? Some aspects of long-term
prediction of landfill performance may be
addressed through model simulation.

The petition should include a description of
the final cover construction, and
maintenance practices during post-closure.

The petition should include a discussion of
potential future land-use changes, and
changes to ground-water pumping locations
and rates, that could result in a
modification to the hydrologic regime
beneath the facility. The long-term effect
of such changes on the upward vertical
hydraulic gradient may be addressed through
model simulation.






=8

I

meteorological and climatic changes thnat
could affect wear of the cap or leachability
of the waste. The discussion should also
address any solubilizing effect of acid
rain.

(7) The petition should address potential
- B

A quality assurance/quality control plan should accompany
any sampling, analysis, or modelling work undertaken in response
to the suggestions made in this letter.

It should be remembered that no migration of hazardous
constituents "for as long as the waste remains hazardous" is a
very stringent standard. This is particularly true for toxic
metal constituents which will remain toxic indefinitely. 1In
order for EPA to consider granting a waiver pursuant to 4@¢ CFR
268.6, your petition must provide an extensive demonstration
that Cell #2 will meet the no-migration standard.

If we may be of further assistance, please call Amy Mills
of my staff at (202) 382-4422.

Sincerely,

g, ap [V A

Elizabeth Cotsworth, Acting Chief
Assistance Branch

cc:  Amy Mills
Carol Witt, Region V v~
Ken Burda, MDNR
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Nate: FEB11 15368
HEHORANBLY

Subject: Ford Allen Park Clay Mine Land Ban Ho-Mig on Petition

MID %30 568 711 '

From: Carol Hitt, Geologist
Region V, RPB, Michigan Section

To: Amy Hills, Geologist
Headquarters, Assistance Branch

This memo is in response to your February 4, 1988 request for further
file informatien on the above referenced facility. Following identifies
the items which you requaested, and the availability of the data.

1. Yaste Analysis plan for all wastes to be placed in Master Cell 2.

Attachment I is the Maste Analysis plan that will be incorporated

into the draft permit. Also enclosed is a draft of conditions set
under the Federal permit. Please be aware that the Hichigan Department
of tlatural Resources (MDHR) is authorized to approve the plan,

excent for Land Ban conditions, The MDHR wmay alse have some modifi-
cations to the draft permit copy under Michigan Act 64 (MI Act 64).
Mr. Pete Quackenbush of the MDHR, is the permit writer assigned {o
this site. Pete can be reached at (517) 373-2730, for further
assistance,

2. Information concerning any past compliance problems with environmental
stanificance, ' - '

I have searched threugh the Federal compliance records. The only

issue of some environmental significance occurred in 1986, when

leachate Tevels in Cell 1 were in exceedance of the required six inches.
The lsachate was pumped out and the facility was brought back into
compliance. There is no minimum technolaav type of leachate collection
systam in Cell 1. Mr. Larry AuBuchen of the MDHR district office,

is the inspector for this site. He may be reachad at {313) 4592-9180,
for further comnliance assistancsa.
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3. A summary of interim status monitoring from the Part B,

on
-

W

Attachment II provides vou with all the interim status monitoring data
from the Part A, this data includes the same informatien that is in

the Part B, plus correspendance letters. I could not find an approval
letter for the 265 monitoring waiver. There are no records in our
enforcement files that a CHME was completed for this site. The ground
water cartification was submitted, if vou need a copy please let me know,

The approved around water monitoring system in the draft permit.

The MDHR is currently writing the cenditions for the draft permit. The
State 1s authorized for this portion of the program. Ue do not have a
copy of their conditions yet. Please contact Mr. Terry McHeil of the

MDHR, the geclogist for this, at (517) 373-2730 for further assistance.

Information on landfill liner materials and installation procedures.

Attachment III provides the Construction 0A/OC Plan for Master Cell II.
Ford has decided te create subcells in the main cell, so the final
engineering plans are changing. As soon as I Tinish the draft permit
congitions in the next two weeks, I will send you the complete design
package. '

Field deta verifying artesian conditions in the underlving strata.

I have no data in the files besides the Part B and Part A information
I am sending you. The !'IDIR may have data in their files. Either
Pete or Terry would be able to help vou on that. Ford may have some
data that our files don't include. You may want to contact them to
have it ready when you visit the site, -

Information on surface drainane from the facility.

Cxl ol

fnvironnental Henitoring Program
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Iﬂfornatian on airborne particulate control.

Bk m ol % il Ja . "o — + ) . -
Attachment IV prevides the Air Snvirenmwental Honitoring Program.

bt T , Clean
water is used for dust suppression at the site,

Any other information from the permit or compliance files that you

Reliavs v 1 he BErtinent o oa : e
Je11evc yould be pertinent to making a determination on this petition.

Atiachment V includes the last Part & Hotica of Deficie

Dhsncamins ¥ ing b th ' ( ncy letter from
EFL :uh?,‘d”d~bﬂﬁ response letter from Rouge Steel. Also enclosed is
wie Facility Description from the Part B




*
%
Iy

‘e are expecting to public notice the draft RCRA permit by the end of
darchs I will make sure that you get a copy at that time. If you need
any further assistance please feel free to call me at FTS 886-6146,

cc: Rich Traub, REB
Elizabeth Cotsworth, Hdgs.




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTOM, D.C. 204580

FEB 4 1988

. OFFICE OF
‘SOLID WASTE AND EMERGENCY RESPONSE

MEMORANDUM

SUBJECT: Ford Allen Park Clay Mine No-Migration Petition

FROM: Amy Mills, Geologist ugﬁé Leltn
Assistance Branch (WH- 63;Z
'

TO: Richard Traub, Chief
Michigan Section
EPA Region V

As we discussed, Headquarters has received a no-migration
petition from the subject facility. I have been delegated
responsibility for preparing a response for the Assistant
Administrator. 1In reviewing the petition, I have identified
several areas where additional information from the Region's
permitting and compliance files on this facility would be
helpful. T have supplied a copy of the petition to Carol Witt
of your staff, and discussed some of the information gaps with
her. She has agreed to send me copies of the following items
from the Region's files:

2;5 o Waste analysis plan for all wastes to be placed in
Cell #2,.

o Information concerning any past compliance problems with
environmental significance.

o A summary of interim status monitoring from the Part B.

0o The approved ground water monitoring system in the draft
permit,

I would also appreciate copies of:

o Information on landfill liner materials and installation
procedures.




o Field data verifying artesian conditions in the
underlying strata.

o Information on surface drainage from the faeility [(i.e.,
surface water exposure routes).

o Information on airborne particulate control (i.e., air
exposure routes).

0 Any other information from the permit or compl iance files
that you believe would be pertinent to making a
determination on this petition.

To the extent that these materials are used in making the
determination on this petition, they will be_come part of the
Agency's docket supporting the Federal Register notice.

Thank you for your cooperation. I plan to communicate
frequently with Carol Witt during the course of the petition
review, and I welcome any input either of you may have.

cc: Elizabeth Cotsworth
Carol Witt, Region V
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ord Motor Gompany 3001 Miller Road
Dearborn, Michigan 48121

December 18, 1987

Mr. Lee Thomas, Administrator
U.S. Environmental Protection Agency
Headgquarters
401 M Street
Southwest Washington D. C.
20460

Subject: Petition for Exemption (Land Ban-K061)
Ford Allen Park Clay Mine Landfill
MID #980 568 711

Ford Motor Company hereby submits a petition, pursuant to 40 CFR .
268.6, seeking an exemption from a prohibition for disposal of =&
restricted hazardous, waste,ﬂspeQLﬁically"Kﬂél - Flertr1c Are
Furnace Bagnouse Dubt, £ :

Allen Park Clay Mine Lﬁndtlll.. W
hydrogeological condltlons at. Lhe v Ny
reasonable degree. of. qert@inty that fhﬁre M 11 be no: quratio
from the dispeosal unit by the hazardous waste or: it’¢ %azaiamiﬂz
constituents. % ' -

'Please review thls peuition and pxav1de y@ur LOﬁmEﬂtS to this,s

office at your earliest gonvenienwe@ ,uhauld’yum have any.
questions, please call Mr. David Miller at (313) 32’&}?6@

Yours truly,/’“>

f
5 e, &"—"ﬂ ML;\,-;/ '!\ 4 -
2 ‘,’; - T R T I)m'lﬁ.&s.ms A. F | -ﬁg«’-—{p (jﬂ:‘q: . T
: TE R ¥Mining Deparements: - -

A

Encl.

cc: Suzanne Rud51n5h1 b.P A,
Stephen Weil-E.P. AT
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PETITION FOR EXEMPTION
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Cell II is bounded on three sides by non-hazardous disposal cells
and the fourth side is adjacent to the hazardous waste disposal
Cell I. Cell I utilizes the natural insitu clay deposit coupled
with the upward hydraulic gradient of the artesian bedrock
agquifer as its liner system. The Engineering Drawings dated June
12, 1987 provided in this Section depict the relationship of the
unlt to the surrounding environment. .












Attachment 15

Ford Motor Company

Allen Park Clay Mine Landfill

EIPUA. I.Do NOO MID 980568m

Demonstration for Exemption of Subpart ¥ Requirements
Under 40 CFR 264.90 (b) (&)

Demonstration is hereby made to waive certain groundwater monitoring reguirements
as provided for under 4O CFR 264.90 (b) (4) of the RCRA rules, based on the favor-
able site geology to the aforementioned rules. Specifically, the requested ex-
emption Includes all sampling of the artesian aquifer immedistely below the in-
situ saturated clay liner.

Site Descrigtion

Depositional Envirorment:

The site hydrology is governed by the last glacial pericd in which the Huronw
Erie ice lobe occupled southeast Michigan as shown on Exhibit A. When the ice
lobe retreated, & proglacial lake (Lake Maumee) formed, as shown on Exhibits B
and C. The site vicinity is located at least 16 miles from the shores of this
lake, The clay sediments deposited in the site vieinity reflect this low energy
depositional enviromment. The lacustrine clay is generally 80«120 feet in thicke
ness and has become an effective aquiclude since the recession of the laske. The
recharge area for the underlying aquifer ls the moraine and outwash complex to
the northwest and the underlying Devonlan carbonate formations.

Artesian Aquifer:

The confined aquifer is located approximately 70 feet below the existing grade

at the Allen Park gite and varies in thickness from one to six feet, It exerts

an upward hydrostatlc pressure on the clay aquiclude equivalent to 80 feet of head.
This hydreulic gradient in the upward direction 1s a counteracting force against
those of leachate migration (drag coupling effect and chemico-osmotic diffusion).
Under these conditions, there is no potential for migration of liquid from the
regulated unit to the uppermost aquifer during the active life of the regulated
unit and the post-closure care period. Refer to Exhibit D for a full discussion
on leachate migration at the facility.

Subsurface Soil Conditions:

The uniformity of the clay sediments in the Detroit area (Erie-St. Clair Plain)
has been documented by the numerous soils exploration and foundation engineering
studles required for all of the building and construction projects in the vicinity.

To be site specific, the following documentation has been established:

1) Clay mining operations, excavating clay for the manufacture of cement, have
encountered more thean is feet of uniform material over the entire site.

2) Selsmic work on the cell bottom indicates that the bedrock is between 57 = :

70 feet below the cell bottom with uniform material o that depth. Rerer
to Exhibit E.
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3) Soil samples taken from the five most recent borings indicate the clays
are saturated to the surface fram the artesian aquifer. Refer to Exhibit
.

L) Soil tests performed (grain size analysis, atterberg limits and permeability)
on the clay provided more than adequate uniformity. Refer to Exhibit Q.

5) The 12 deep borings indicate uniform soil conditions. Refer to Exhibit H.

6) The deep monitor wells into the artesian aquifer provide plezometric surface
elevations that are consistent with the regional data which conclude thai
ground surface is below the plezometric surface. Refer to Exhibit H.

7) Additional studies, maps, and tests relating to subsurface conditions at the
site indicate that subsurface clay is in excess of 25 feet thick with a
rermeabllity coefficient which is no greater than 6.0 x 10~ "cm/sec. In
addition, the underlying artesian aguifer exerts hydrostatic pressure in an
upward direction which precludes the possibility of leakage from the cell
into the liner during the active life of the disposal facility. Refer to
Ixhibit H.

8) Additional geological information is provided by W. H. Sherzer, "Geological
Report on Wayne County", Publication 1T, Geological Series 9, 1913.

Sumary:

Under the conditions stated in this demonstration, there is no potential for
migration of iiquid from the regulated unit to the uppermost aguifer during the
active life of the regulated unit and the post-closure care period. The menitoring
of water quality in the artesian agquifer cannot possibly detect leachate migration
from the overlying disposal site. Accordingly, it is therefore believed that the
Allen Park Clay Mine Landfill qualifies for the groundwater monitoring waiver set
Torth under the applicable regulations.

Prepared by: David S. Miller, Geologist
Mining Properties Department
Rouge Steel Company
(University of Michigan B.S. 1977)
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Exhibit D

Reptrt Prepared for:

Wayne Disposal, Inec,

CONTAINMENT INTEGRITY OF ALLEN PARK
CLAY MINE/LANDFILL

by

Donald H. Gray
Professor of Civil Engineering
The University of Michigan

Ann Arbor, Michigan

July 1983
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SUMMARY

The possibility of leachate migration dewnvard from the
Allen Park Clay Mine/Landfill and contamination of an agquifer
beneath were evaluated,

Analyses show that density differences between the leach-
ate and groundwater will not cause a downward migration nor
will they lead to a diffusion efflux from the site. a thick,
uniform layer of silty clay beneath the site coupled with an
upward hydraulic gradient effectively precludes the latter,

Comparison with results of salt water intrusion studies
across clay aquitards having similar properties as the clay
beneath the Allen Park site show that the solute (salt) will
take at least 800 years to migrate across a clay barrier 30 feet
thick under chemico-osmotic diffusion alone. A counter (or

upvard) hydraulic gradient will lengthen this breakthrough
time even further. )

There are insufficient amounts of organic compounds in
the vaste to affect the permeability of the clay. The proba-
bility of accelerated leachate migration through the underly-
ing clay is not supported by the composition of the wastes
and the nature of the clay nor by the findings of leachate
permeability studies reported in the technical literature.

Under these circumstances any observed increases in
contaminant levels of monitor wells in the aquifer underlying
the site could more reasonably come from sources laterally

upgradient from the site rather than the clay mine/landfill
above the site. -
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I.

CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL

INTRODUCTION

The Ford Motor Company who operate the Allen Park Clay
Mine/Landfiil have recently petitioned to discontinue ground
wvater monitering of an aquifer located approximately 70 feet
belov existing grade at the site. The landfill is underlain
by dense, lacustrine clay which behaves as an agquiclude or
aquitard. At least 25 feet or more of residual clay
thickness separates the bottom of the landfill from the
underlying aquifer. The aquifer is under artesian pressure
and exerts an upward hydrostatic pressure on the base of the
clay aquitard equivalent to 80 feet of head. A general cross
section or profile iliustating these soil and hydrologic
conditicns at the site is shown in Figure 1. -

Applicant maintains in his petition for discontinuance
(EPA I.D. No. MIT 980568711) that monitoring is not necessary
at the site because of a) the dense, uniform clay underlying
the site which has a hydraulic permeability no greater than
6 x 1078 cm/sec and b) the artesian pressure in the underlying
aquifer which results in an upward hydraulic gradient across
the overlying clay aquitard. Applicant claims that these -
site conditions will preclude the possibility of leachate

migrating downwards out of the landfill and eventually conta-
minating the agquifer.

In response to this-petition, the Wayne County Department
of Publie Health has raised several questions and concerns
(letter form R.N. Ratz, Public Health Engineer, to B. Trethewey,
Mining Properties Department, Ford Motor Company, 28 April 1983).
The following concerns were raised in the letter:

1. The petition/report fails to address the possibility
of leachate migrating down due to differences in
densities of the leachate and groundwvater.

2. The petition/report does not indicate if there are
' any organic constituents in the leachate that may

increase the clay's permeability and permit downward
movement.

The purpose of the present report is to respond to the
above stated concerns. Additional information about the geo-
hydrolegy of the site, about past containment/migration studies,
and about the likely nature of the leachate and its effect on
clay permeability are evaluated herein to determine the danger
of landfill leachate migrating downwards from the site and
reaching the underiying agquifer.
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II. THE INFLUENCE OF PERMEANT DENSITY ON LEACHATE MIGRATION
ACROSS CLAY BARRIERS

&. GENERAL

Permeant density plays a direct and indirect role in flow
phenomena in porous media. Permeant density can affect solvent
or solution flow rates via its influence on hydraulic eonducti-
vity. This influence can be calculated and shown to be minor or
insignificant compared to the more lixely and important influence
of permeant density on solute diffusion. '

A nevwly introduced permeant with a high concentration of
dissolved material (e.g., a leachate) will also have a higher
density. This high concentration in turn will cause the solute
to diffuse through a porous medium to regions of lower concentra-
tion. It is this manifestation or aspect of a density increase
in the permeant that requires careful scrutiny and analysis. In
other words, the role and influence of permeant density are
more important to solute diffusion under concentration gradients
as opposed to solvent (or sclution) convection under hydraulic

gradients.

The analyses that follow are offered in support of these
claims.

-~ b

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY

Both the viscosity and unit weight of a permeant can influence
the permeability of a soil to a particular permeant. The hydraulic
conductivity is defined in this case as a flow velocity under
a unit hydraulic gradient (the usual practice in civil engineering).
The influence of permeant density and viscosity can be ascertained
explicitly by defining another permeability, i.e., the "intrinsic®
or "absclute® permeability :

K=xnp - . (1)
¥

vhere: k = hydraulic conductivity, ocm/sec 2
K = intrinsic or absolute permeability,. om
& =

permeant density or unit weight, dynes/cm?
y

permeant viscosity, poise

The intrinsic permeability(K) is a property only of the
golids or matrix through which the permeant passes. Accordingly,
for a particular esoil (i.e., given grain size distribution and
s0il structure) and in the absence of permeant-soil reactions,
K should be a constant. The influence of a variation in visco-
sity and density of the permeant on the hydraulic conductivity
can be determined from this fact and from a relationship derived
from Equation 1, viz.,
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ke =k, (527 ) (1, /) | (2)

vhere: subscript 1 - initial conditions (grnd water)
subscript 2 - final conditions (leachate)

An increase in density of the permeant will apparently
cause a2 higher permeability. But, this eame increase in
density can also result in an increase in viscosity which
will reduce the permeability. Both influences together will
tend to offset one another, and it is unlikely that a denmsity
increase in the permeant (leachate) will eignificantly affect
hydraulic conductivity. Furthermore, even if viscous
retardation is discounted, density increases are highly
unlikely to significantly increase permeability in actual
practice as the following example will show.

Assume the ground above an aquitard or clay barrier is
flooded with a fairly concentrated brine solution, namely
sea water. The density of sea water (with a TDS of 36,000 PPMm)
is 1.036 gm/cc at 4° C vs. the density of the present intersti-
tial water (with an average TDS of 1550 ppm) which is 1.002
gm/cc. This leads to a density ratio of 1.034 which is equiva-
lent to only a 3.4 per cent increase in hydraulic conductivity
(discounting viscous retardation). Therefore, density has
little effect on hydraulic conductivity despite the almost.20
fold increase in dissolved solids concentration. It is the R
influence of the latter change, i.e., the increase in dissolved
solids concentration, that requires careful analysis in evaluat-

ing the effectiveness of a clay barrier in containing leachate
migration in this case. -

C. INFLUENCE OF PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION

1. Background

Dissolved solids or solutes in a permeant can be trans-
ported through soils under both hydraulic and concentration
gradients. The former is referred to as *drag coupling® and
the latter as “chemico-osmotic diffusion.® Both types of
movement should be considered when evaluating the effective-
ness of a clay barrier for preventing leachate migration.

Chemico-osmotic effects in fine grained soils have
been examined in some detail by Olsen (1969) and Mitchell
et 21.(1973). The importance of chemico-osmotic diffusion
increases in fine grained soils wilth low hydraulic conducti-
vities. Studies commissioned by the State of California(1971)
on salt intrusion problems in aguifer-aguitard systems have
shown that as aguitards become clay rich and thei{ permeabi-
lities fall to levels on the order of .002 gpd/£t* or 1077

cm/sec, the migration of solutes will be controlled by chemico-

osmotic diffusion.
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2. Flow of Solute under Combined Hydr. and Chem. Gradients

Equations can be derived which describe the flows
of solute and solution in the pores of a sediment. The
derivation of these equatlons and assumptions on which
they are based are given by Mitchell et 2l.(1973). The
one-dimensional, vertical, steady state flux of solute
across & clay aquitard under a combined salt concentra-
tion(chemical) gradient and hydraulic gradient is given
by the following relationship:

& = [WiRgk,+ X, 13056z + [ D+ gk, 13 /22  (3)
where: J = salt flux across an aquitard, moles/sec/cm™

dh/3z = hydraulic gradient (dimensionless)
acg/bz = golute concentratlon gradient, moles/cm*

= diffusion constant, em%/sec
R = gas constant, ergs/mole/®K
.= density of water, dynes/cc
T = absolute temperature, °K
Cg = average salt concentration, moles/cc
K, = hydraulic conductivity, cm/sec
kﬁh =‘chem1co-osmot1c coupling coefficient,

em®/mole/sec

Relative contributions to the salt or solute flux

- can be calculated from Equation 3. Movement of soluté
can occur by diffusipn whether a hydraulic gradient is
present or not. A superposed hydraulic gradient may re-
tard or accelerate movement of solute depending on:

a) Relative magnitude and direection of the hydraulic
and solute concentration gradients.

b) Values of the hydraulic conductivity and chemico-
osmotic coupling coefficient.

Equation 3 only yields the steady state flux of solute
under conbined hydraulic and chemical gradlents. Equations
can also be derived that give the initial “or time dependent
solute fluxes and the time required for "breakthrough® or
first appearance of increased solute concentration on the
downstream side of the aguitard. This initial, non-steady
state process is qulte complicated. Examples have been
worked out for aquitards of different thicknesses and compo-
sition by Mitchell et al.(1973).

One of the most important findings of these studies
on salt flux across clay aquitards was the importance of
aqultard thickness on breakthrough time. Because the ini-
tial movement is non-steady, the breakthrough time increases
with the square of the thickness of the aquitard. Theore-
tical studies of sall water intrusion across aqultards
(State of California, 1971) have shown that salt ions will
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take up to 800 years to migrate across an agquitard 30 feet
thick under chemico-osmotic diffusion alone. 1If the thick-
ness is reduced to 10 feet, the breakthrough time decreases
to only 80 vears. The presence of an hydraulic gradient
could either accelerate or retard this time depending on
the relative magnitude and direction of this gradient and
other factors cited previously (see Figure 3).

Likelihood of Solute Efflux Through Clay at Allen Park Site

Solutes will tend to migrate or diffuse downward from
the landfill along a concentration gradient. On the ether
hand, this movement can be impeded or even arrested by
the upward hydraulic gradient as a result of artesian
pressure in the underlying aquifer. Static water levels
in monitor welles around the landfill show that the piezo-
metric surface is almost 10 feet above existing grade or
ground surface elevation at the site (see Table 1). The
net, steady state flux of solute, if any, can be deter-
mined under these conditions from the solute flow equation
cited previously (Equation 3).

It is also pertinent to examine the results of a
similar type of study commissioned by the State of
California (1971). The latter study was designed to
determine salt efflux rates and breaxthrough times in‘an .
agquitard-aquifer system in the coastal ground wvater
basin near Oxnard, California (see Figure 2). The
problem posed in the California study was basically the
same as the pre-sent one; namely, given a sudden
increase in dissolved solids or solute concentration
atop a clay barrier (or aquitard) how long before the
salt migrated downward and reached an underlying aquifer
and at what rates of efflux? The prcblem was compounded
in the California example as a result of drawvdown of the
piezometric surface in the underlying agquifer which also
caused a downward hydraulic gradient.

The two agquitards are gquite similar in their
important respects. Both are approximately the same
thickness, have the same initial dissolved sclids concen-
tration, and are composed of clayey sediments with low
hydraulic conductivities. The salient charateristics
and parameters of these two aqultards are summarized
and compared in Table 2. The main difference appears
to be in their respective hydraulic conductivities--
the Allen Park clay is an order-of-magnitude lower.

A dissolved solids concentration equal to that of
sea wvater was assumed in the leachate overlying the Allen
Park clay. Sea water is a good ®“worst case® choice because
sodium ions have high diffusion mobilities and are not
preferentially adsorbed on clay exchange sites as heavy
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TABLE 1. ALLEN PARK CLAY MINE
MONTTOR WELL - WATER LEVEL READINGS

(1 Ground water(z) Ground Rater(a) X Ground Haterij)
Hell Ground ‘ Well Elevation Eiévation Elevation Elevation
Nuwber  Elevation, Ft. USGS 11-4-81 A 5-29-81 3-26-81

2 595.1 600.76 | 600.67 =6 600.44 600.21
5 595, 7 605.92 605.09 a.4 604.62 604.49
7 - 594.1 597.35 s91.00 "> 593.23 594,14
10 593.4 603.03 . 601.81 84 601.93 601.56
W-101 593.9 601.47 601.21 73
W-102 591.3 600.81 603.2204) .9
W-103 593.9 - 605.06 603.52 4.6
H-104 594, ] 603.82 : 603.81 1.6
'W-105 594.5 . 604.08 | 603.86 a.4
(1) Hell Elevation is recorded as top of standpipe. Bpy = 8.9

(2) Data R;':corded by Michigan Testing Engineers, Inc.
(3) Data obtained from Michigan Department of Natural Resources.

(4) Well extended temporarily to obtain water level.

TABLE 1
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TABLE 2.

AQUITARD PROPERTY
OR SITE PARAMETER

Composition

Thickness, ft

Ave. Water Content, %

Ave, Liquid Limit, %

Ave. Hydraulic C0nduct,.cm/sec
Hydraulic Gradient

Initial (interstitial)

Pore Water Solute Conec, Ppn
Final Solute Conc, ppm

Chemico-Osmotie_Coupling
Coefficient, om®/mole/sec

] 78w

OXNARD
CALIFORNIA

clayey silt &

silty clays

30
24
31
«F
l x 10
0.33 - 1,0
(downward)
1800
36,000
-4
6.2 x 10

COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS

ALLEN PARK
MICHIGAN

silty clay

25 - 35
20
28
-8
2.6 x 10
2.7
{upward)
1550

36,000
(assumed)

-4
6.2 % 10
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metal ions would tend to be. The same cherico-osmotic
coupling coefficient used in the California aquitard was
alsc assumed applicable for the Allen Park clay. The value
used is reasonable for the type of clay sediments present.

Results of the California study are presented in Fig-
ure 3 which shows the salt influx into the underlying agqui-
fer as a function of time. Curves are presented for a2 no
drawdown and 10-foot drawdown case {assuming the hydraulie
gradient acts in the same direction as the salt concentra-
tion gradient). The horizontal portion of the two curves
represents the steady state salt flux.

The main things to notice from this figure are the
large breakthrough time (800 years) for the "no drawdown®
case (i.e., in the absence of any hydraulic gradients)
and the fact that in this aquitard the salt flux
caused by drag coupling under a hydraulic gradient is
larger. The steady state salt flux from the drag coupling
under a combined 10-foot drawdown and salt concentration
gradient is almost three times that from diffusion alone
(no drawdown). Hence, in the event the hydraulic gradient
was reversed, there would be no breakthrough and no down-
ward salt flux provided the upward gradient exceeded about
0.2. In other words, under these conditions the two salt
fluxes would be mutally opposed and exactly counterbalgnced°

The relative contributions to steady state effiux in
this example can be calculated with the aid of Equation 3.
The following parameter values (taken from the study) wvere
used in the calculation:

&h /3z =4h /AL = 10/30 = 0.33

3c fez =™ (C's“ %, J/aL = O.Sg : 10 = 0.62 x 10 moles/cm”
1

g = (g, +c )/ 2= (0.60 m20.03)x10 = 0.32 x 10 moles/cm®

=

léiicmaysec

= B.32 x 10‘7 efgs/mole/'K
300 °k

]

103 dynes/cc

D

R

T

_ab
=%

kh 10 om/seec

-4
6.2 % 10 cm®/mole/sec

LX)

Using these values the calculated contributions to
steady state solute flux are respectively:
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This flux is greater than 3X the chemico-osmotic fiuxs

and since it acts in the opposite direction, there will

be no net downward flux of solute at the Allen Park site.

The critical hydraulic gradient to maintain a zero net salt
efflux is 0.8. This means that the groundwater table could
rise to within 12 feet of present ground elevation (~595 ft)

in the landfill and there would still be a sufficient upward

hydraulic gradient (drag coupling effect) to completely

counter solute effliux under chemico-osmotic diffusion (see
summary below).

Position of Ground Upward Net, Steady State
Water Table in the Hydraulic Solute Efflux Rate
Landfil) Gradient (moles/sec/ft™)

At bottom 2.7 -1.51 x 10°°
' (net infilux)
12 feet from top 0.8 Zero
. -8
At top 0.33 +0.32 x 10

These calculations are based on the existence of a static

or piezometric head in the underlying aquifer approximately
9-10 feet above ground elevation (see Table 1).

Assumption of worst case conditions, namely, a rise
in the groundwater table in the landfill to ground surface
elevation, leads to a small, steady state efflux rate from
chemico-osmotic diffusion. This occurs because the
resulting hydraulic gradient ( 0.33) is no longer large
enough to completely oppose the chemico-osmotic salt flux.
The breakthrough times, however, would be so immense
(1000's of years) that the steady state flux under these
conditions is largely irrelevant.

It is important to note that the preceding calculations
are also based on the following :worst case" assumptions:

1. A highly saline leachate with a concentration
and composition equal to that of sea water.

2. No interaction between the solute and clay.
In actual practice, there would be some uptake and adsorp-
tion of solutes on the clay. This adsorption would

attenuate or limit further solute concentrations in the
leachate as it passed through the clay.
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III. EFFECT OF LEACHATE CONSTITUENTS ON THE PERMEABILITY OF CLAY

A, GENERAL BACKGROUND

The possibility that leachate--either in the soclvent or
solute phase--might affect clay permeability and hence its
containment integrity has been raised by a2 number of investiga-
tors (Anderson and Brown, 19815 Haxo, 19813 and Folkes, 1982).
One of these studies has shown that concentrated organie ligquids

can increase clay permeability by several orders-of-magnitude
(Anderson and Brown, 1981).

All of these studies were conducted in the laboratory
with simulated leachates from particular types of wvastes and
under particular testing conditions. The danger of blindly
applying these test results to a field situation have been
noted recently by Gray and Stoll (1983). It is essential to
ask the following before the results of these lab teste can
be applied to a given field situation:

1. ¥What was the nature of the leachate in the lab tests?
What are the concentrations of various constituents
in the leachate in the field as opposed to the lab
tests? How relevant are the lab test results in the
light of potentially large differences in leachate
composition (lab vs., field)? '

2. How did the leachate contact or interact with the clay
in the lab tests? Was it forced through? 1If so, at
wvhat gradient? Is there any prospect that the leachate
will be able to penetrate/permeate through the clay
containment in the field in like manner? In other words

are the necessary gradients and other conditions present
to permit this to happen?

3. What was the failure or clay degradation process by
vhich the apparent permeability increase occured in
the lab tests? Was it by a) dissqolution, b) syneresis.,
c) piping? Could these mechanisms reasonably occur
in the field given the type, water content, and density

©of the in-situ elay plus the nature and concentration
of organic and inorganic compounds in the leachate?

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE

The types, composition, and relative amounts of wastes
pPlaced in the Type II Solid Waste Landfill at Allen Park are
shown in Tables 3 and 4. The results of typical E.P.T leachate
tests on these wastes are shown in Table 5. The likxely nature
and composition of the landfili leachate can be estimated from this
information. This estimate is adequate for purposes of evaluating
the probable effect of the leachate on clay permeability.
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TABLE 3. ALLEN PARK CLAY MINE = SOLID WASTE

LANDFILL CONSTITUENTS

Fly Ash
Blast Furnace Filter Ceke
Construction Debrig - Bweepings - Clean-Up
BOF Dust
Foundry Sexi
.EB.ectric' Furnece Dust

coa.l and Coke
Coke Oven Decexier 'I‘a:. Sludge
Glass
Wood Ash
BOF Kish
Wagtevater Treciment Sludge
Grinding Mud =

-18L.

!

15%
14%

L.8%

0.6
0.5%
0.5%
0.3%

. 0.2%

. 0.1¢9
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EP Toric

fron
Carbon
Arsenic
Garbom
Cadmiym
Chromtun
Lesd
Hercury
Sclenium
Siiver
Manganrse
Zing
Phosphorus
Sul fur
Calcium
Magnos{un
Aluminum
Siitcon
Potassun
Sodium
Fivorine
Cyenide
Phenol

Haphthalene

TABLE 4, ALLEN PARK CLAY MINE WASTES, TYPICAL

Decenter Tank
!lf Sludge

A8 RECEIVED ANALYSES (mg/kgm).

tleciric Are
Furn, Dust

14
1,800
2,700

Yoo{In P, Cd)

prast Furn,
Flue Dust

4 s e

No

122,000
520,000
19 .
z]

el

e}
<]

a«} -
90
<]
7,500
[¥41]
200
4,000
18,000
T, 5Cn
2,200
2n.000
280
A0

10
e}
el

PF Flue
bust

Nn

560,000
7,400
4.

<l

130
3,000

e} .

«]

13
10,000
22,000
190
1,600
2,000
2.0600

8,000
5,000
2,300

L)
[ 8

e
<}

moen

Blast Turn,
Fllter Cake

v - o e

He

150,000
£0%,000
l
0
]
70
350

<)

al
9
§,500
400
00
4,000
20,000
13,000
3,700
R3,000
2,200
1,500

foundry
S58nd

oy

i,200
6,600
20

<}

e

<}
48

13!
35

<]
7%
a0
400
200
60
100

LY
§50,000
170
180

gl

al

<l

hor kish

Fiy Ash

[}
. i
tfme Dys

o

490,000
240,000
i

el

el
69

<}

ai
10

el
2,000
194
170
250
540
3,000
1,600
25,000
64D
530
L]

<l
é

L2

Eutmpt

34,500
§%4,000
3,100
13,100
5,800
147,200
701,700
$,700
3. J00

Ho

L)
coso
obew
fowmo
coae
bowe
LY
L
onow
ocoow
oo
fooe
soeme
LY T
714,700
Y 2
- e o
Ewo o
LY X
L 2T
"= we
XYY ]
L

oown

lem, , ¢

(ke Bresre

o

Y. 800
550,000
Iy
<

<]

14

1%

79
1:0
90
7,300
g
200

«¢
0,000
ieh
a2

el
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TABLE 5. ALLEW PARK CLAY MINME SOLID WASTL:S
TYPICAL E.I''T, LFACUATE TEST RESULTS (Mg/1)

. . _ Wesiewnler

Bluot Furnace BOF Flue Maul Furnace Foundry DOF Coke Treatnent
Faramctor Flue Dugt ~ gt Filter Cake Sand Kisl Breoze Shwde
Arsenic 0,0k 0,02 (0.1 0.03 0.1 £0.1 Ut
Barium <0.8 {0.0b {o0.8 {0.08 £ 0.8 £0.8 b5
Cadmium 0.01 0.03 . £ 0,08 £0.005 £0,005 <£0.005 .00%5
Chiromium £ 0.1 0,05 Z 0,05 £0.1 0.1 £0.1 .10}
Leud | £0.2 1.7 1.7 0.2 0.2 0.2 005
Mercury 0,00GT £0.01 {0,.2 - {o.2 {0.2  LO0.2 L0
-Gelenium 1.0 40,0 0.0, 0,10 0.k £0.5 L0
Silver { 0.1 . £ 0,0} £ 0,0L £0.1 £0.1 £0.1 RELE

Compil. | By 0
fiaveh 8, B0
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The data in Tables 3 and 4 indicate that 50 per cent of
the solid vaste consists of relatively inert f£1y ash and that
some 89 per cent of the wastes consist of materials that do
not contain significant amounts of heavy metals (2n, Pb, Cd)
or organiecs known or suspected to be toxic sueh phenol and
naphthalene (see Table 4). The coke oven decanter tar sludge
is a possible source of organics (phenol and napthalene), but
this waste comprises only 0.6 per cent of the total stream in
the Type II Solid Waste landfiil.

C. FROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY
PERMEABILITY AT ALLEN PARK SITE :

Anderson and Brown (1981) found that several organic
liquids, viz., aniline, acetone, ethylene glycel, heptane,
and xylene, cause large increases in permeability of four com-
pacted clay soils. Pure organic liquids were used in their
study. One of the authors (Anderson, 1982) later emphasized
that their results cannot be used to support claims that clay
liners permeated by dilute organic liquids may be susceptible
to large permeability increases.

Haxo (1981) reported results of up to 52 months of liner
exposure to selected industrial wastes. He included several
organic wastes, namely, aromatic oil, 0il pond 104, and a
pesticide. The results of large permeameter tests on a compacted
fine-grained socil and admixed materials are summarized in
Table 6. Although a small amount of seepage passed through
the compacted, fine-grained scil liner, no permeability increases
vere reported with any of the organic wastes.

On the basis of these studies and with the caveats noted
at the beginning of this section in mind, it is possible to
evaluate the likely effect of the landfill leachate on clay
permeability at the Allen Park site.

1. Type II Solid Waste Landfill

As noted previously the existing landfill contains
small quantities of coke oven decanter tar sludge which
is a possible source of organics (phenol and
naphthalene), but this waste comprises only 0.6 per
cent of the total. Phenol and naphthalene are present
in the tar component of this waste in concentrations
estimated by Desha (1946) of 0.1 and 2.2 per cent by
weight respectively. Accordingly, the amount of phenoil
and naphthalene present in the total waste stream are
.006 and .013 per cent by veight respectively. These
amounts constitute & very low fraction and they suggest
that leachate from the total waste stream will tend to
have very low concentrations of phenol and napthalene.
Therefore, the organics in the leachate from the Type
II Solid Waste landfill are quite unlikely to affect
clay permeability.
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EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS
(from Haxo, 1981)

TARLE 6.
Lead Oily waste
Liner Acidie waste Alksline waste (low lead gas Pesticide
malerial {HNO,, HF, HOAC) (spent caustic) washing} Aromatic oil Oil pond 104 {weed killer)
C Not tested Measurable rate of seepage k=| Bx10'® t t
fne-grained soll v, = 10" 10 /e, waste k=2 &x |00
305 mm thick penetraied 3-5 cm after 30 months (a) k=2 6x 0"
{tests on soil
sfter 30 months)
Soil cement Mot tested No measurable secpage after 30 months
100 mm thick
Modified bentonite Not tested Messurable secpage after 30 monihs, channelling of waste Failed §
and send (2 types) Inte bentonite (b) {waste seepage
127 mm thick . through finer)
Hydraulic asphali “Failed Satisfactory Wasie staing Not tested No tested Satisfactory
concrefe below liner
64 mam thick esphalt mushy
Spray-on asphalt Not tested Satisfactory Waste stains Not tested Not tosted Satisfactory
and fabric below liner ,
8 mm thick
*From deta presented by Huxo (1981),
15ame 8s (a).

£Seme o8 (B).
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Type I Hazardous Waste Landfill

In the future the decanter tar gludge will be
pPlaced in a separate landfill that will be upgraded to
accept hazardous wastes. This action will increase the
relative proportion of organics (phencl and
naphthalene) in the waste stream. Leachate tests run
On pure samples of decanter tar sludge using a
distilled water extraction procedure (Calspan, 1977)
have produced phenol concentratioens of approximately
500 ppm. Even this concentration is far removed from
the very high concentrations of organic solvents used
by Anderson and Brown (1981) in their permeability
tests on different clays. Accordingly, organics in the
leachate from the Type I Hazardous Waste landfill are
also unlikely to affect clay permeability

In summary: It does not appear likely nor reasonable that

organics present in the wastes at the Allen Park Clay Mine/Land-
£ill will cause a permeability increase given their low concen-

tration and the absence of any substantiation in the published
technical literature for such an increase under these conditions.
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IV. CONCLUSIONS

(1). There appears to be very little likxelihood of leachate
migrating downward from the Allen Park Clay Mine/Landfill and
contaminating the agquifer beneath the clay.

(2). A density difference between the leachate and groundwater
will have little or no influence on hydraulic permeability

or downward migration nor will it lead to diffusion effiux of
solutes. A thick, uniform bed of silty clay beneath the site
coupled with an upward hydraulic gradient precludes the latter. -

Calculations and analyses are provided herein te support this
finding. ’

{3). Comparison with results of salt water intrusion studies
across clay agquitards having similar Properties as the clay
beneath the Allen Park Clay Mine site show that the solute (salt)
will take at least 800 Years to migrate across a clay barrier

30 feet thick under chemico-osmotic gradients alone. A counter

(or upward) hydraulic gradient will increase this breakthrough
time even more.

(4). The waste and its leachate are unlikely to increase the
permeability of the underlying clay. This claim is reasonable
in view of the low concentrations of organics in the total,
waste stream and in the light of the findings and caveats of
permeability/exposure tests with organic permeants reported

in the technical iliterature. This conclusion applies to both
the existing Type II Solid Waste landfill and a proposed

Type I Hazardous Waste landfill that will accept the coke oven
decanter tar sludge.

(5). The composition of the waste and underlying clay do not
suggest properties or combination of properties that could lead
to a containment failure caused by such processes as piping,
acid/base dissolution, or syneresis.

(6). Under these circumstances any observed increase in con-
taminant levels of monitor wells in the aquifer underlying
the site could just as well come from other sources laterally
upgradient from the site rather than frem the clay mine/land-
fill above the site. :

(7). These findings and conclusions support the basis of

applicant's petition for discontinuing further monitoring of
the wells penetrating the aquifer beneath the site.
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1704 Morton Street
Ann Arbor, Michigan
48104

]

. 25 September 1983

Mr. Mark Young

Wayne Disposal. Compan ¢
P.O. Box 5187 . ' :

Dearborn, MI 485128

RE: Allen Park Clay Mine/Landfilil ] _@;5
Dear Mark: ' o ' -

I recently vrote a computer program (*CLAYWALL®*) that can be

used to calculate solute transport across a clay barrier under

combined diffusion and advection (hydraulic flov). The pro-

gram computes the exit/source concentration ratioc (C/Co) as a
function of elapsed time (t) on the downstream side of a2 clay

vall or barrier of thickness (X). o

The program was written with a clay slurry cut-off wall in mind, =

but is general enough that it can be used vith any clay layer

or barrier. The input parameters to the program are:

D, = efffective diffusion coefficient, fthyr
K = hydraulic permeability, ft/yr
X = thickness of vall or barrier, &

P = porosity

I = hydraulic gradient...(+) if same direction,
(=) if opposite direction to solute concen-
tration gradient _ e

t = elapsed time, yrs . o

The program is based on the solution to the equation that des-

cribes one-dimensional sclute transport in a saturated porous

medium under both hydraulic and solute concentration gradients.

This equation has the following form:

PN

-

C/Co = 0.5[erfc((X-vt)/aqr(4RX)) + exp(vx/D) erfc((x+vt)/sqr(4dxé[]

vheres Vv = ave seepage velocity = (KI/P)

The solution assumes the following conditions:
1. Saturated, one-dimensional flow.
2. No reaction between solutes and porous medium. Chloride

typically behaves this way.
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3. Diffusion contrelled, {.e., the

80 low that mechanical mixing ie negligibie and the dig-
persion ie equal to the effective diffusion coeffficient.
{this condition is satisfied when K¢ 1.8E=07.

pore water velocity is

I ran the program using data for the kilty clay layer underlying

the Allen Park ClayMine/Landfiil. The following values for the
input data vere used:

D = 0.102 ££%/yr (6.3E-06 en/péc)

(published vajue for clay tilis)
K = 0.025 £t/yr (2.5E-08 cm/sec) .
X = 30 fe |
P= 30% : T
I = ‘0:1"0939 and “‘1-0 '

The results of the analysis are shown in the attached graph.

At & counter hydraulic gradient of =0.3 the exit/source solute
concentration ratio does not exceed 0.0001 untii 700 years
have elapsed. You may recall that a counter hydraulie gradient . .
of =0.3 occurs when the leachate is allowed to rise in the land-
£il1l to the ground surface...a worst case scenario. For larger -..
{negative) counter hydraulic gradients the ratios become even -
smaller. In fact for I1¢ -0.5 (i.e., counter hydraulic gradients 7 |

larger than 0.5) the ratio C/Co is less than 1.0E-05 at al)
elapsed times.

- .‘,l

-

These results confirm the findings of my earlier report which
weré based largely on analogy to golute transport studies in
clay aquitards. The present findings are based on analysis
of actual soil and site parameters. Keep in mind, also, that
the analysis is still quite conservative because it neglects
possible adsorption (reaction) of solutes with the clay.

A copy of the computer program and typical output are enclosed,
It is written in BASIC and is designed to be run on a personal . ,
computer. If you have any questions about the analysis, please P

feel free to contact me. .
. | Sincerely, . RN
oneld Y.

Donald H. Gray S
Professor of Civil Engineering '

Enel
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P y
run )

—~
- Porosity: 0.3 N >
Permeability(ft/yg)s .025
Diffusion Coef{ft /yr)s: 0.102
Wall Thickness: 30
Hydraulic Gradient: =0.3
Time(yrs)s 500
= e e - 2 e e J S
ist Argument(Yl)is: . 2.9756
ist Error Function is: " 0.9999
~2nd Argument(Y2)iss 1.22525
2nd Error Function is: 0.2173
"Exit/Source Concentration Ratie (C/Co)isz ,
o e o e D e S S o o ——
Continue Caliculations (y/n) 2y :
Time{yrs)s 750
1st Argument(Yl)is: 2.78685
ist Error Function is: 0.99879
2nd Argument{Y2)iss = ° . 0.64312
2nd Error Function is: . 0.63658
Exit/Source Concentration Ratio (C/Co)is:
Continue Calculations (y/n) 7 ¥y
Time(yrs): 1000
ist Argument(Yl)is: 2.72291
1st Error Function is: . 0.99973
2nd Argument(Y2)is: 0.24754
2nd Error Function is: 0.27398
Exit/Source Concentration Ratio (C/Colis:
Continue Calculations (y/n) ?2 y
Time{yrs)s: 2000
1st Argument(Yl)is: . 2. 80056
1st Error Function is: 0.9998
2nd Argument(Y2}is: : -0.70014
2nd Error Function is: 0
Exit/Source Concentratlon Ratio (C/Co)is:
Continue Calculatzons (y/n) ? vy
Time(yrs): 5000
1st Argument(Yl)is: 3.43176
lst Error Function is: 0.9959%8
2nd Argument(Y2)is: -2.10334

2nd Error Function is: .0
Exit/Source Concentration Ratio (C/Co)is:

e T e e T S e G D O G O D G D D O D o O D O e T R G A N G D D e e S 0 i o S S S T S D S e

Continue Calculations (y/n) 7 n

8E-03

2 ® 2E-04

3 [ 75"04

3.3E-04
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1704 Morton Street
Ann Arbor, MI 48104

16 February 1984

Mr. David S. Miller

Mining Properties Department
Rouge Steel Company

3001 Miller Road

Dearborn, MI 48121

RE: Allen Park Clay Mine/Landfill

Dear Daves

I have reviewed the memorandum dated January 23, 1984, from
Terry McNiel, Technical Services Section, to Larry Aubuchon,
Compliance Section, Detroit District, MDNR. The memorandum
essentially raises the following objections to the findings
and conclusions in my report, viz.,

Objection 1. There is no substantiation nor literature cita-

tions to show that organics present in the waste will not in-
crease permeability.

Objection 2. The presence and possible effects of napthalene
in the waste are disregarded.

Objection 3. Uncertainties remain about the actual composition
and likely nature of the leachate.

Objection 4. The report does not address the question of com-

patibility between the following:
a) Leachate and leachate collection system components
b} Generated gases and clay cap.

In the opinion of the MDNR reviewer Objections 1,2,and 3
taken together mean that Specific Condition 5.A.4 (a) of Act
64 license is not satisfied. The reviewer goes on to say,
however, that they (MDNR) would accept compatibility testing
between actual leachate being generated and the on-site clay
being used for contaimment. I will respond herein to these
stated objections and opinion. Objection 4 which pertains to
Specific Condition S5.A.4 (b) and (c) is outside the scope and
original charge of my investigation.

Objection 1 is a version of the "guilty until proved innocent"”
syndrome. I understand and even sympathize with this approach

in matters which deal with the release of potentially hazardous
substances into the environment. There is, however, considerable
substantiation in the published technical literature for the
contention that organics present in low concentrations in aequous
leachate will not increase the permeability of dense clays.
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Leachate permeability tests on sand-clay columns packed to bulk
densities within the range of densities of natural ¢clays {(Cart-
wright et al., 1977) have shown that permeability actually
decreased with passage of leachate (containing organiecs). These
tests were continued for periods up to nine months. Decreases
were evern more pronounced for raw, unsterilized leachate. In
addition to permeability reduction from the passage of leachate,
Griffin and Shimp (1976) have shown that heavy metal ions (Pb,
Zn, Cd, Hg) are strongly attenuated by clay. Organics that
were present in the leachate were only moderately attenuated

by the clay; they did not increase hydraulic conductivity.

We have also conducted long term leachate permeability tests
ourselves on a silty clay almost identical in composition to
the clay underlying the Allen Park Clay Mine/Landfill site
(Gray, 1982) and found the same results, i.e., no increase in
permeability was observed. A chemical analysis of the leachates
used in all these permeability tests is attached. Note the
presence of napthalene in one of the leachates--a constituent
whose presence and influence the MDNR reviewer claimed we had
not considered. J[Note: Cited references are listed in an
attachment to this letter report.f

It is important to emphasize again the fact that leachate per-
meability tests conducted by Anderson (1982) are totaly unrepre-
sentative of conditions at the Allen Park site. These tests

are often cited as an example of the deleterious influence of
organic solvents on clay liner permeability. Anderson's tests
are unrepresentative and irrelevant for the following reasons:

1. He used pure organic solvents. The leachate at the
Allen Park Clay Mine/Landfill will be an aegquous extract
containing very low concentrations of organics.

2. He forced the solvents through clays at extremely
high, positive gradients. Anderson used positive grad-
ients ranging from 60 to 300. At the Allen Park site
there will be negative (reverse) gradients ranging on
the order of -0.3 (worst case) to -2.7.

Other objections can also be cited in regard to Anderson's test
procedures and results. He used a rigid wall permeameter which
permits channeling between sample and container. The recommended
procedure to avoid this potential problem is to use a flexible,
pressurized jacket. Large reported increases in permeability
should be viewed with some skepticism when rigid wall permea-
meters have been employed.

Green et al. (1981) have investigated in great detail the char-
ateristics of organic solvents that affect their rate of movement
(permeability) in compacted clay. They measured the equilibrium
permeability of three clays ( a clay shale, a fire clay, and
kaolinite) to the following solvents: benzene, Xylene, carbon
tetrachloride, trichloroethylene, acetone, methanol, glycerol,
and water. Their study showed that it is the hydrophilic or
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hydrophobic nature of the solvent (as measured by the octanol/
wvater partitioning coefficient or roughly by the dielectric
constant) and not the viscosity/density ratio that is important
in predicting a solvents rate of flow through clays. According
to their findings water, which has a high dielectric constant,
always exhibited the highest permeability. 1In addition, they
found that the packed clay density is crucial in determining
how permeable a clay will be to a given solvent. At high bulk
densities ( on the order of 115 pcf or 1.85 g/cc) the solvent
characteristics became less important in differentiating per-
meability response.

Green et al. (1981) also observed that solvents of low dielec-
tric constant (e.g. xXylene and carbon tetrachloride) tended

to cause shrinkage and cracking of some of the clays. This
phenomenocn, Known as syneresis, can and eventually did cause

an apparent permeability increase in some of the clays that

were tested. The same phenomenon was reported by Anderson(1982)
in some of his experiments. It must be emphasized again,

however, that the effect has only been observed and reported

when several pore volumes of pure, low-dielectric organic solvents
are forced at very high gradients through clay columns. These

conditions simply do not occur at the Allen Park Clay Mine/Land-
£ill site.

On the contrary, the conditions at the Allen Park site are ideal
for effective containment, viz.,

1. The site is underlain by a thick (X 2 25 ft) section
of dense, competent silty clay (&% = 115 pcf) with
a very low hydraulic conductivity ( k = 2 x 10™° cm/sec)

2. A negative hydraulic gradient exists at the site as
result of artesian conditions in the underlying aguifer.
Even under worst case assumptions (viz., leachate levels
rising to the top of the landfill) a negative gradient
of -0.3 will still be present.

3. The leachate consists of very low concentrations of
organic and inorganic solutes in an agqueous solution
as opposed to a pure solvent.

Under these conditions advective transport or hydraulic seepage
ceases to dominate pollutant movement across a clay barrier

(see Gilbert and Cherry, 1983; Tallard, 1984). Instead, diffu-
sion under chemical concentration gradients becomes more impor-
tant, and it is this transport mechanism that must be evaluated
carefully. I have dealt with this problem both in my original
report and in my subsequent letter report to Mr. Mark Young,
Wayne Disposal, Inc., dated 25 September 1983. I showed that
even under worst case assumptions of no partitioning or attenua-
tion of pollutants and minimum, negative hydraulic gradients
breakthrought times would be on the order of thousands of years.
Interestingly, if the calculations are repeated allowing the
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hydraulic conductivity or permeability to double or even triple,
the breakthrough time increase even more because now the counter
advective flow is more effective in opposing the downward diffu-
sion of solutes along their concentration gradient.

I come now to the MDNR comments about requiring compatibility
testing (whatever that means) between actual leachate and the
clay liner material. Unfortunately, the procedure, rationale,
etc. for such tests are not specified. What is being reguired
.+.that the leachate be forced under high hydraulic gradients
through a thin sample of the silty clay? The results or signi-
ficance of such a test would be ambiguous at best and meaning-
less at worst in this case. In my opinion, such tests would
be an exercise in futility and irrelevance given the condition
and circumstances at the Allen Park Clay Mine/Landfill site.

Breakthrough times in diffusion controlled transport are
extremely sensitive to thickness of the barrier. In order

to replicate conditions in the field at Allen Park, compatibi-
lity or flow tests should be run on a sample column 25 feet high
under a negative gradient no less than =0.3. After a wait time
of thousands of years such a test would merely confirm what

is already demonstrable.

It is my professional opinion that in this instance the require-
ment for compatibility testing and concern over permeability

is a diversion from the real issue which is the likelihood of
diffusion transport of solute across the clay. I have shown
that this will not be a problem at the Allen Park Clay Mine/
Landfill site because of the thickness, competency, and density
of the underlying clay together with the existence of a negative
gradient.

I find it baffling that MDNR can approve a thin, clay slurry
wall for a toxic waste site (see Consent Judgment, U.S. District
Court, U.S. Envl. Protection Agency and The State of Michigan,
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on
meagre and inadequate evaluation whilst insisting on irrelevant
tests for a thick, natural clay containment system at Allen
Park that is ideal in nearly every respect.

Sincerely,

Wnatd #. G

bDonald H. Gray
Professor of Civil Engineering

Attachments
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ATTACHMENT NO 2

Table 2. Chewmical Analysis of Landfill Leachates

DuPage County Wayne Dispossl

w20l =

Analysis Landfill-mg/1 Landfill-mg/1
Na 748 3400
K 501 -
Ca 47 : 46
Mg 233 370
Cu <011 0-55
Zn 18.8 5.0
Pb _ 4.46 6.91
Cd £.95 ' 0.10
Ni 0.3 0.40
Hg 0.0008 0.010
Cr <0.1 0.31
Fe 4.2 7.77
Mn <0.1 -
Al <0t1 -
NH, 862 ‘ 1540
As : 0.11 0.0044
B 29.9 ' <0.005
5i 14.9 -
c1 . 3484 5800
S04 <0.1 " 200
HCO3 - 6920
coD 1340 2160
TO0C - 2500
TSS . - ' 512
" pH 6.9 7.6
Spec. Cond. (mmhos/cm) 10.2 28.0
Equiv. TDS 6528 17,920
Organics:
organic acids (phenol) 0.3 3.6
toluene - 0.45
napthalene - 0.44
chlorobenzene - 0.008
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T v TpdMBULIIND ENBINLGERS & GEDLECISTS

2500 PATRARD RD., BUITE 2106
AN ARBQR, MIBHIBAN 48102

i . bJune 17, 1982

Rouge Steel Company
Division of Mining Propertiies
3001 Miller Road

P.O. Box 163%

Dearbor, Mi 48121

Attention: Mr. David Miller
Re: Allen Park Clay Mine Seismic Survey

Dear Mr. Miiler:

As per your request a seismic study was performed at the Allen
Park Clay Mine area in Allen Park, Michigan. The purpose of this study
was an attempt to determine the depth to bedrock in the area immediately
below the excavated pit at the disposal area.

Keeping consistent with previous seismic work accomplished in
the area these stations were numbered 4, S and 6. Stations 4 and 5 were
completed on the excavated pit floor, 4 being on the eastern half and 5 on
the western side of the pit floor, with station 6 directly to the north of the
pit up on approximately the existing surface elevation, some 30 to 40 feet
above the pit floor. Plots of the data collected are included and indicate
both the velocities of the layers and the depths to the layer interfaces.

Station U resulted in the best data collected at the site, and
shows a three-layer case. A low velocity (1428 ft/sec) layer is underlain
by a very consistent layer with a velocity of 5233 ft/sec, extending to a
depth of 57 feet below the pit floor where it is underlain by a much higher
velocity (12,808 ft/sec) layer., These values are very typical of a dense
clay layer underlain by a2 hard limestone type material. The rather good
fit of the data to a line would indicate very consistent materials, however,
the irregularities near the 57 foot contact indicate that this interface is not

as sharp a transition and hence it represents more of a minimum depth to
this interface.

At Station 5§ area surface topography was rough and inconsistent
which resulted in limited data being collected. In one area a very sleep
depression was encountered on the surface which the shock wave source
worked in. This abrupt lowering of the elevation causes & decrease in the
time it takes o the shock wave to travel through the subsurface. There-
fore, the best fit line was drawn through only those points where the shock
wave source was at the approximate same elevation. Had the elevation been
consistent, the travel times for those distances, which were lowar, would have
been increased in the direction towards this line.

(X
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[rrge 2, 1982

Station 5 showed approximately the same subsurface conditions as
did 4, with a depth to the bedrock being indicated at 70 fect below the pit
floor. Station 6 was.run at a much higher elevation than that of the pit
fisor, and very soft wet surface conditions were found. These types of
surface conditions do not allow for seismic shock waves to propogate as
the material tends to absorb much of the energy and transmit this energy
directly across the surface rather than down into the earth. This data
indicates again a rather consistent layer with a velocity typical of a dense
clay. As a rule of thumb, seismic tests measure in depth roughly one-third
the distance from the energy source to the geophone. Using this rule the
limits of our data would be to a depth of approximately 45 feet for the clay
jayer and would obviously extend until the next layer is encountered.

We hope that this information is useful to you. If any further
information on subsurface conditions is needed, it should be noted that
there is enough room in the bottom of the excavated pit for an electrical
resistivity test to be run. The problems caused by surface conditions
could be avoided and with the large contrast in the subsurface materials
this test would most likely work well.

If we can be of any further assistance, please let us know.
Very truly yours,
L. M. MILLER & ASSOCIATES
T

f 1.
AR S ™

Timothy P. Wilson, Geologist
TPW:hrh

Attachments as mentioned above.
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MICHIGAN TESTING ENGINEERS, INC.

94355 CAPITOL AVENUE e DETROIT, MICHIGAN 48238
PHONE: {313) 2554200

S0iLS EXPLORATIONS ARD FOUNDATION ENGINEERING
MATERIALS TESTING AND INSPECTION
HON-DESTRUCTIVE TESTING and MATERIALS BV ALUATION

June 25, 1982

Michigan Department of Natural Resources
Resource Recovery Division

p.0. Box 30028

Lansing, Michigan 48509

ALtm: Mr. James Janiczek
Subject: Allen park Clay Mine

Allen Parh, Michigan
MIE File #400-15046

Gentlemen:

As requested, we have reviewed thc above referenced file to determine
the degree of saturation of the subsoils on the site.
The following basic soil relationships werc uscd in this review:
wis '
e

x
AF &lf

Where: degree of saturation (%)
moisture content of soil (%)
void ratio

=

= weight of water
=

=

=

]
W
e
Wy
Wg = weight of solids

¥d = dry unit weight of soil

5 specific gravity of solids

~ (assumed to be Z.65 to 2.08)

Utilizing these procedures, our calculutions indicate the gray silty
clays on the Allen park Clay Mine to be 100% saturatcd.







eIt R - N sﬂv-*@‘.&ﬂoﬁ. 7 \
o . .

Mr. Jzmes Janiczek 2 June 25, 1982

If there are any questions, please do not hesitate to call.

Very truly yours,

MICHIGAN TESTING E GINEERS, INC.
a«b—j@ﬁm

Randall DeRuiter
RD/ksb

cc: D. Miller, Ford Motor Company
W. Tomyn, Wayne Disposal
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RESOUNCE RECOVERY DiVISION

PO DOY J02A
LAMSING M SRON

November 4, 1981 ADMINISTNATION/ RESOURCE
RECOVERY SECTION
§17/372 0540

PLAKNING SECTIONS
HAZARDOUS WABTE SECTION

$9F/373- 1818

Mr. Marshall Austin _ o | GEOLOGY sEcTIoN
Michigan Testing Engineers, Inc. 1773130507
24355 Capitol Avenue

Detroit, Michigan 48239

RE: Permeability testing of clay soils
Allen Park Clay Mine; Allen Park, Michigan
Wayne County

Dear Marshall:

Based on the review of the soil tests performed (grain size analysis,
atterberg limits and permeability) on the clay at the Allen Park Clay
& Mine Landfill, it is the feeling of this office that the materials are
’ uniform enough that no further permeability testing will be required. .
This portion of our evaluation has been satisfied with the information
submitted. v

1f you have any questions, please feel free to call.

Very truly yours,

Geologist

JdJ snm

cc: Shakir/Belobraidich
Mark Young, Wayne Disposal
F Wayne County Health Department

-209=
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E-2

Interip Status Groundweter Monitoring Date 4O CFR 270.1k(c)(1),

4O CFR 265.90
Lo CrR 265.9k

During the facility's initisl year of Interim Status (November 1980 -
Hovember 1981), & hydrogeclogicel study was performed om the site which
included the installation of five monitor wells in satisfaction of
Federal and State regulstions. Quarterly samples were then taken to
provide initial background date, vhile at the same time additional in-
formation was being obtained to demonstrate that there is no potential

for migration of liquid from the regulated unit to the uppermost

aquifer during the active life of the unit,

Groundwater monitoring data obtained during Interim Status is provided

in Attachment 16, The dats is grouped as follows:

«» EFA Primary Interim Status

Drinking Water Standasrds Appendix YIT page 212
. Contamlnation Indicating Parameters page 221
. Additional Water Quality Perameters page 226

w2 llh=






&llen Park Clay AWine

‘Creund Weter Ronavoring Date

Drinking Water and Waver Quality Parimeters

Bell:

2~D Douwn Gredient

Date Sampled: (G-16-81

Static
Arsenic
Baricr
Cadmium
Chremium
Fluoriae
Lead
Hercury
Rifrate
Seleniym
Silver
Engran
Lincene
Hethorycher
Tozapnene
2,4-D
2,4,5-T¢¥/51lvex
Radivm
GCross Alphe
Gre:s Bete
Celiform Bect.
Cnleride
Iren
Hangenese
Phensls
Coediom

Sulfate

Time §f E

Uinats

Feet 600,47
Aaysl (0. 0603
ryl (0.108
Ay /i 0.242
rRg/1 (0.818
Ayl 0.946
"yl (0.8%0
my/l (0. gue2

Agsl 0 D10k

Ryl (0.0083
Ayl o018
wg/l 0. 0802
vg/l (0.064
wy/l {0,050
wg/l - 0. 005
vg’/l {0.188
¥g/1 {6.061
pli/i 5.6
pli/ " «5.00
pla’l (S.60
ce/ilunl 2.00
R/l 13¢6.
my/k . (8.830
mg/1 (0.618
ag/l 0.068
ma/l 118
rg/l 105¢.

recetien: (&4/18/84

1510 . ¢ edt Hen

-212-
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&llen. Park “lay Mine
Ground Water Mo 1taring Deta
Drinking Weter and Water Quality Parameters
Well: 2-D Deen Grad:ient

Dete Sempled: 09-06-82 07-14-82 -4 42

Parasmeter tnits

Static Feet S99 81 sk .58 60i. bo
Arsenic mny ] (h.ote (6001 6. 0U1
Barium Myl {0.L48 (0.0:4 (B.10d
Cadm.uvm mg/l 0.c23 B.0us Boond
Chremium mg /1 0. C5% i.611 .616
Flusride ag sl 0.800 0.860 0. %00

. p—

Lead Mg/l 0.0%3 ¢.0s0 e
Heroury ny/l (0. 0u82  <0.0GuE iU Bie.
Nitrase LI'ER! (0. g1e g.6i0 0. 0i0
Ca.ghlum Mgl (U.01e (B.010 3 RNINRT
Silver Mg/l 6.01¢ U bud g 0ud
Endrin ug/l 8100 (§.10u (8104
Lindane vyl (6.100 (.00 8. t0¢
R@thoxycher 8g/l (0.580 .50y (0 Lol
Toreprene ug/ 1 [ 1] .00 Y]
2,4-D g/l (0,108 (g.100 b lup
2,4,5-TR/S1lvex  ug/i {&.050 {(§.050 (0.0
Ragium p\.';fl {5.00 (5.90 (S du
Gross Alphs pCi/] (5.00 (5. 0U (5. Gy
Gross bets plasl (4. 08 {B.00 (. 0p
Coliform Bact, ca/iBdmi (2.00 i4 B0 L2
Chleri1de Mg/l 176, 170. 170,
Iron . omygll 5._1! E.B4u 0. &5
Manganese Ryl 0. 138 £.023 b.0c4
Phensls my/l 0.00¢ (9.004 (. lus
Sodiunm Ag/l 128, 118, AU
Svifate mysl gyd. 1069, duy .

Time of Executien: (o/18/84 1510.0 edy Aon
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fllen Park Clay Mine

Grevnd Haver Honitering Data

Drinking Water and Hever Quality Paremeters

Dete Sempied:

Hell:

5-D Up Gradient

Farameter Units
Static Feer
AP senic Byl
Berium mg. !
Cadmrivm my, ]
Chramrvm Ayl
Fluor.ge rg /1l
teed T
Mercvry LI
Mitrate Ryl
Serenlun mg.l
Slive gl
End-an ug /.
Linzgane vg/l
MEtncsycnor vg/l
Tovephene ug.'l
2,4-D vg/l
2,4,5-TP/51lves wg/l
Redium pli/i
Cross Aluhe pCisl
Gross Bete pLisl
Colaiform Bect, ce/1hinl
Chlerige ny/l
Iron ry/1L
Mangenese Ay/l
Phenols my/l
Sedivm rg/1
Suvifate A/l
Tiae ef EaeLviron:

09-06-82 07-14-82 fu-Ce-dl
805,12 605. 4% sl4.64
{0 dit (6.0ut (B, bul

0,088 (§.6ov b, 0Ll
0.00s 0.6ud (6 Ouvd
0. 6% 0.0 b.ulv
1.30 1.06 1.0y
¢.011 .61 B Ul
(6.0002 00055 @ boue
b.010 B.25u b Lo
(B.01e .0l 3 'Y
¢ oLl (6. 0us I T T
(0. 188 8. 140 % BRRT)
(h.1d8 8,109 b LUu
(8.5t {0.50¢ BLLbu
{1.66 (1.00 {1 ulb
(0.108 (8.100 Bl
(9.858 (8.650 «0. 058
(2.00 {3.0u (S0
(5. 00 (5.9v (LB
(4.00 4,00 g8 bd
(2.00 {4.00 4. 00
140, 150, 1ay.
1.78 1.20 0. dou
0. 921 t.0lo 0. ube
(0,004 (h.0u4 {8 0us
B5.4 Be.¢ -1
198, 200. v 4

be/18/B4 131U .0 edt Hun
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#llen Park Clay Hine

Lround Waver Honitering Data

Drainking Weter and Weter Quality Parameters

well:

Dete Saaplea:

Srtatic
Argenic
Barium
Cazmium
Chremium
Fluaride
Lea
Hercury
Witrate
Seierivm
Siiver
Endrarn
LLRCane
REtharycher
Tox.pnen;
2,4-D
2,4,5-TF:S1lvex
Rad.unm
Gross Aipha
Gross beta
Califerm Bact.
Chiorice
Iren
Kinganese
frenels
Sedium

Sulfate

Time of Exzecution:

102-F Duwn CraDient

bu-18-81
Units
Feet sul. 22
Ag/l (0. 00al
mg/ 1 ¢a.10
g/l (6010
Aag./l 9.0t
ng 7l i.42
mgsl 0 65§
my/ i <. 00602
mysl <0168
Ryl (C.0Lal
my i (u.01E
vyl {U.@LE:
vg/l TR
vg/l . 01G
uy 1 CuoBgs
ug/l (0. 186
vg/l {(B.001
phi/l (5. 6F
pessl 5. 8u
pLisi (.60
ce/ 100l §.00
Ag/l 138,
my/l (0,836
Rg/l (0.010
Ayl 0. 503
g/l 16¢.
my/l 1200,

0o/ 108./684

153160.0 ear mu
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Allen Park Clay

Rine

Cround Water Honitering Date

Prinking Heter and Weter Quality Peremeriers

Static
AFoenlc
Eafium
Cedmivm
Chremium
Fluerige
Lesa
Mercury
Nitrate
Seierium
Silver
Endran
Lindene
Methezycher
Tosspnene
2,4-D
2,4,9-TF/51lvex
Radium
Gruas rnipna
Gross Bete
Coltferm bact.
Chieride
iren
Hangenese
Phenals
Sodivm

Su.fate

Timg of Eaecuilon:

well: 182-D Down
Campled: 05-0&-B2
Unite
Feet 801.77
Byl (6.018
myl {0,046
ny.'1 G.0up
LIt (8.0:5
g/l 1.38
R/l g 81Q
Mg/l (0. 6062
Ayl (8016
g/l (0.01%
"G 608k
wgsl (0. 108
ugrsl {0.108
vgsl 0. 058
Vgl (I.Dﬁ
vg/l (g.108
wg/l b.6%0
pli/l (5.608
pli/l <S5, 08
eli/1 (8.68
ce/18url 2.ou
Ayl 146,
mQ/ L £.534
Ag/ 1 §.023
mg/l (0. 0u4
my /]l Fu.8
mg/l ?10.
bo/18/64

Grallient

B7-14-8s §0-26-42
b8! .6t S8y 1%
t8.001 B.0ut
0. 0.20 (B.1ub
&.dvs wWodua
6.00c §.0ue

1. 0u 1.00
B.0149 6.010
B Buti2 (0. 20w
§.270 W8 010
6 01v bouil
§ 0ue 8 Lu.
olud (B.tuy
(B.1bd 3 BT
4,500 0.5Sue
{1.00 viood
.10 (6.1u0
(6.030 {0.0%0
{S.00 (Y. U
(5.00 [’
{4 .0 {60y
(4.0U (2. 24
140. 14y,
510 1.24
8.041 0.01e
{e.0L4 (B.0U4
$7.0 2ue,
Ye0. giv

1510 .0 edt Aon
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Allen Park Cley Fing -

LGreund Water Reniteriny Da 2

Drinking Moter and Heter Quelity Farapeters

Well: 103-D Bewn Grauvient

Deate Sempled: 0B8-19-81

Static
Arsenic
Eariur
Ceamium
Chromium
Flugr:de
Ltead
Bercury
Kitrate
Celenium
Silver
Endrin
Lindene
Methoaycher
Toezaprene
2,40
2,4,5-TP/51lven
Redium
Gross Alpha
Gress berta
Csliform Bact
Chloride
Iren
Hanganese
Phenols
Scdium

Sulfate

Untis

Feer 663.52
my.1 0.00e3
my. 1 ¢G. 185
=gl {o.81*
Ry .'1 (0.6
By /1 1.3
RG/1 {u.053
mg/i 0. RBe2
mg T
gl (0. Guel
mg/ L (0810
ug/l (0062
vg’/i <0.004
g/l (0.018
va i 0. 908
vg/l (0,108
vg/l .00
pLa/l {S5.48
pCr/1 (S, 08
plasl (9. 68
ce/106nl (2.60
Ayl 5.8
g/l (0.830
Ayl (0.016
=g/l (@.9as
mesl &.00
®wg/] 48.¢

Tire ef Esecutieon: 0o/18/84 1510.40 edt Mun
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Bllen Park .Cldv Hing
Greuicit dater Hunitering Daie
Dranking Hater ofd Weter Quality Pnra.nrlurn
Well: 105D Duwn Gradient

Dete Sempled: 0%9-08-Bz 07-14-Bc (U vo-Uo

Parameter Unite

Static Feer all 65 601.23 el . 2»
Arsenic mg/l 0. 06t 0,0l (0. Dui
berive Rg’1 X Bl (§.2uu
Cadmivm Ayl 6.007 §.0ub (. bus
Chramium LUFS! §.0c8 (0.0u4 (§.0ua
Fluerice my/l 1.50 1.00 bl
Léad mg/1 (0,010 0.610 {d.uiu
Rercury myl (0, Quce {0.80u2 «0.B002
Nitrate agsl 0 016 §.0u0 3.0k
Seienitum my.l (0. 010 . 0iu <6 Orv
Silver Ayl 0063 1.803 G.00/
Engrin ug/l {0.198 6 10u b1yl
Lincane ug/l f0.108 6. 10u ho1fe
methozycnar ¥g/ 1 {0.50D (¢.Suw B AT
Tszaphene vg/l (1.08 (t.00 (1.90
2‘,!-D vg/l (8.108 (§.100 otov
2,8,5-TP/S1lver wg/l b 050 14.0%0 (9. 049
Redlun plirl (2.88 VSLue (30w
Gross Alpha pCr/t (3.00 (%, 08 (Ll
Gross bere pCrrsl (4.80 (&.0U (b v
Coliform Bact. ¢e/lkbml {2.e0 (& .69 o1
Chlorige ng/1 138, 140 . V30,
Iran my/l 1.88 #.F0u 6. [t
Hengeneve A/l 0.823 e.018 - 6.047
Phenoi. my/l (u.004 b.0ts 8004
Sodium my/ 1 §.70 85.0 Tay.
Svifate Mg/l 768 796. B4,

Tine ef Exgcutien: 06718784 1510.0 edt Run
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kilen Park Clay Hine

" Ground weter Honitering Data

Drinting warer and Wefer Guelity Parareters

Wxll:

104«D DBuwn Lradient

Date Sempied. 08-19-5!

Parameter Unz:is
Static Fegl bu3.BY
Afsenic /) {0.60¢3
Barium a7 L [ 1
Cagmiun LIA Cg.018
Chromium ag/l 0.018
Fleer ide Ag/l 1.3
tead Mg/l {0.8%59
Kercury my/ L (0.0602
Mitrate "g/ ] (0. 1EG
Seleniun Ryl (6. p0g2
Silver mg/l (0 _B18
Endrin vg/l {0 po8z
Lindane vy/l (0 05
methazycher wg/l {0.0180
Texephene vg/1 €0.005
2,4-D vg/! (0.180
2,4,5-TP/S1lvex ug/i {8.001
Recivm pli/l (5. 80
Gross Alphe pCir/1 (5.80
Grass bete pCi/1 (5.00
Ceirferm Bect. co/llBal 4,08
Chlerice "y /sl 144.
Iran my/ 1 (830
HManganese g/l 0.068
Phenole my/l (0. 0%
Sodium ®g/1 108,
Sulfare LITTA 1350,
Te=o 7 Lewcutien.  wos/ib/Be

1510.0 edt Hon
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Allen Parbk Clay Mine

Gr ound Weter

Aunirtoring Pate

Dranking Heter and Weter Quality Feramerwrs

Well:
Dite Saﬂéi&d‘ Do-00-82

farameter Units
Straric Fegt &4 32
Arganlc My ) (0.091
berivm my/l (0. G4y
Cadrium my- 1 0.010
Chremiun my/l (9. 005
Fleorzde Mg/l 1.04
Lead my/ 1 (0 014
Hercury my/l (0. p6d2
Nitrate LTV (0.816
Selenium LI {0.018
Liieer mgil ¢ fis
End-1n TEa! IR T
tindane vg/l (f.190
Hethesylher g/l (0.506
Tezspnene ug/ L (1. 68
2,4-D ugsl (g.108
2,4,5-TE/S1lver wgsl} <b.850
kegilum pi1/l 45,80
Gross Alphs pli/1l {3.00
Gress Feva pla/sl (4.00
Colifarm Baci. ce/100nl (2.08
Chloride ng /1 139,
Iren ay/l 4.36
Hangenese LT b.0&8
Pherols mg/l (8.004
Sodium mgsl 140,
Sulfate mg/l 1200,
Time of £xecwtion: Oo/18/64

164-F Duwn Gragien:

07-14-82 18

b4 3o &

{(B.610 {

.00 {

00 {

(e

B.904

b

b O10 {

1.04
{6.1080 {
{8.050 (

{5.0u

{§.0u4 <
BE. 0

1300,

1916 .0 edt Aen

I N

ué. 1.
b.but
¢ v
$.0us

ol

g.0w

BTN

[TETRN]
00
§ lub
g .luuy
(1.0¢
E.tbv

§.0%0

e.100
6.064
210.

120U,

-220=






Attachment 18

Table 2
&llen Park Clay Hine
Greurnd Hater dMonttering Dava
Contamination Indicating Parameters

Bell: 2-D Down Gradient

Date Sampled: O068-10-81 0%5-06-82 07-14-82 1§-26-82

Static Feet &00.87 599.01 600 .68 600.68
pH1 7.7 &.%1 ?.7% 8.70
pH2 7,90 &.95 7.76 B.70
pHE e.00 7.01 7.73 g8.70
pH4 B8.00 7. 09 ?7.76 8.70
Number of Samples 4 & & 4
Mean Value 7.%0 &.9% 7.7% g.70
Vgriance 2.00E-02 &.13E-03 Z.00E-04 0.00E+00
Ep.Condl umhos/cm 2560 . 2395, 3054, 225bk.
8p . Cond2 umhes'Cm 2200 . 20E%. 2983 . 2244,
Bo.Condd . umhes/ch 2400. 2187. 2980, a2s2.
S5p.Cundd  umhoz/Cm 2260 . 2127 2HYS 2250,
Number of Samples 4 4 4 4
Mean Value 2325 .6 21735 2973.0 2250.5
Variance 2.2%E+04 B.31E+C03 S.44E+03 2.50E+01
ToC1 mg/1 7.70 20. 0 1.00 15.0
TQC2 mg/l 7.0C 20.0 §.00 20.0
TOC3 ng/1 7.70 19.0 5.00 17.0
TOC4 ng/l 7 .60 19.0 .00 16.0
Number of Samples & 4 4 4
Rean Value 7.%50 19.5 &.50 17.00
Variance 1.13E-01 3.33E-01 1.00E+00 4.67E+00
TOXx1 mg/ll (Qg.00% 0.012 g.02% 6.010
TOX2 mg/ 1 (0.005% §4.01a ¢.033 §6.017
TOXZ mg/l £0.002 g.01% 0.045 0.025
TOX4 ng/ 1l <0.00% e.014 ¢.027 0.038
Number of Samples & & ] L]
HMesn VYalue 0.00% 0.014 8.034 0.023
Variance C.00E+00 2.92E-06 7.29E~-05 1.46E-04

Symmary of Background Data

Parameter HKean Value Variance Nuaber ef Samples

o e A P - - s T

pH: 7.84 31.98E-01 16
Sp.Land: 2430.5 1.15E+05 ié
T0C: 12.13 4.33{*&:' _ 18
TOx: 0.019 1.64E-04 16

Tire of Executien: 02/23/B3 0730.2 est ded

=221~






Table 2 (Cont.)

allen Fark Clay Mine
Greund Water ¥Monitoring Pata
Contemihation Indicating Parameters

Bell: 182-D GDLownh GraDient

# 8 Well Backaround Sampling Datea % &

O o T TR R D D G D A A A T N R R D A e e D I o v K O

Date Gawpled: 0B-10-81 05-0&-82 07-14-82 10-26-B2

= =

Parameter Units

Stavic Feet &03.22 &01.77 801 .68 599.15
pHi 8. 40 7.30 7.20 8.70
pH2 7.an 7.20 B.70
pH3 7.30 7.20 B.70
pH4& 7.36 7.38 8.70
Humber of Samples H 4 4 &
Bgan Value 8.40 7.30 7.22 B8.70
T variance 0.00E+ul &.3&4E-07 2.50E-0G3 0.00E=00
Sp.Condl umhos/cm 2%00. 2991, ce5-4. 23¢2.
Sp.Eend? umhos/cr eF?T. 2664, 23%8.
Sp.Canad umhos/Cw 2973. 26%1. 23%8.
Sp.Cond4d umhos/Ca& 2740, 2630, 2478.
Number of Samples ! 4 & 4
#Hean Value 2566.0 2975.8 2617 .3 2331.9%9
Variance 0.00E+00 &.76E+D2 4&4.0&6E+03 3.teb+02
TOC1 mg/1 S.60 .00 21.0 16 .0
Toc2 ng/l 12.0 18%.40 o480
T4C3 mg/l 11.6 17.0 23.4
THC4 mg/ 1 13.8 19.0 16.0
Number of Ssmples 1 4 4 4
Mean Value ©.60 11.25 18.00 19.75
Variance 0.00E+D0 2.92E+00 &.&47E+00 1.8B¥E+U1
TOX1 ng/1l 8.008 6.C11 G.03% 0.01%
Tox2 mg/ L 0.00s 0.610 {(0.010
TOx3 Mg/l 0.005 0.010 0.014
TOX 4 ®Q/1 0.087 g.010 ~4.013
Nuaber of Samples 1 4 L] &
Hesn Value . 0.008 0.00B 0.016 0.014
Variance 0.C0E+060 S.67E-0& 1.56E-04 7.00E-06

Summary of Background Data

Parameter Hean Value Variance Number of Samples

pH: 7.79  4.94E-01 13
Sp.Cond: 2646.0  6.29E+04 13
T0C: 15.51  2.94E+01 13
TOX 0.812  5.71E-E5 13

Time o¢f Execytion: 82/23/83 0730.2 est Hed

«222 =






Table 2 {Cont.)

Rllen Pars Clav Rine

Ground Hater RBonitoring buta

Contamination Indicating Parameter:

He

Date Sawmpled:

P D T e o P GO

Parameter Units

i e -

Static Feet

pH1

pH2

pH3

pH4&

Number of Samples
Fzarn Value
Variance

Sp.Canal  umhos/cw
Sp.Cend2 wumhos/cm
S5.Cond3  umhus/cw
Sp.Lornad wumhasscna
Number of Samples
Mean Vailue

Variance

10C1 Mg/l
T0C2 LI=V@1
TOC3 wg/1
ToCca mg/Sl

Number of Samples
Megan Value

Variance
Cvaxt “rgrl
TOx2 Mg/l
T0X3 ng /1
TOX4 ®wg/1

Nupber of Samples
Hean Value
Variance

Parameter

pH:
Bp.Cond:
TQC:

TCx.

Time of Execution:

e T E—

11 103-D

Down Cradirent

€ ®# Well Background Saempling Data & =

T e D D K D S e e o G e e R D R R R e e D D Y K s D

08-10-81

1
8. 460
0.8G:+00

300.

1
30G.6
C.0GE=+QO

o.80

1
5,50
8.00E+00

0.02¢%
0. 00E+00

05-06=-87

&03 . 6%

.02
.07
11

<

NN NN

c.03E-03

RIS 19
[ ¢

E s s LN )

[ T

o

L ]
-0
1
m
+
=]
Tu

{8.04%
(4.00%
{0.00%
(0.00%

4

0.08%
0.00E+00

07-14-82

&01.23

.70
.70
.70
.70
4
7.70
G.08E+00

NN

2441
248,
2450 .
2435

&

2449 3
1.82E+02

12.6
14 0
14.0
9.0¢

4
12,25

5.58E+00

0.vig
0.054
0.010
0.010

4

0.021%
4. 84E-04

Summary of Background Data

Bean Valye

¢.014

02/23/B3

Variance

4. BSE-01
I.72F+05
S.7BE+D1

1.87E-04

Number

0749 .7 est Eed

a223=

10-25-82

=

™

13
il
13

13






Table 2 (Cont.)

allen Park Clay HMine

Ground Hetver Henivtaring Dava

Contemination Indicating FParameters

Well!

604 .37
.B9
70
.71
PO
&
&.¢0
&.61E-05

oo r

1960 .
1968 .
19680
1920,

4

1960. 8
g.00E+02

7.00
10.8
6.00
8.03

4
Bg.25

1.98E+00

g,
(.
0.
0.

60S
(i !
0osS
00%
4
0.00%
0.00E+GO

104-0 Down Gradient

604,32 604,12
7.70 8.30
7.68 8.28
7.68 8.20
7.67 8.20

4 4

7.68 - 8.73

1.586-04 2.506-03
2H17. 2698.
268% . 208
26H% . 2639,
2852. 2871,

8 4

2859 . € 2857.3

1.05E+03  &.14F+02
6.00 17.0
12.0 5.0
14.0 10.90
12.0 12.0

4 4

11.00 12.00

1.20E+01 4.,67E+00

0.010 8.024

0.024 6.018
0.010 0.010
0.048 9.820

N 4

0.023 9.018

3.21E-04 3.47E-0%

Summery of Bacuground Dava

Parameter WUnits
Static Feet &03.B1
pH1 8.0¢
pH2
pHI
pH4
Number of Samples H
Mean Valuve g.00
Variance f6.00k+00
So.Cordl umbhos/cwm 2oh0.
Sp.Cond2 wvahous/om
Sp.Londd umhos/CH
Sn.Candd umhoa/Cwm
Number of Samples 1
Meer Value 5%0.0
Variance 0.00E+UD
T0C1 ®g3/1 &.60
TQCZ my/L
TOC3 g/l
TOC4 #wg/ 1
Number of Samples 1
#ean Value & .60
Variance 0.00E+0C0
TOx1 #g/1 €0.00%
TOxX2 ag/l
TOX3 ng/1
TAxX4 wg/l
Nymber of Samples 1
Rean Value 0.805%
Variance 0,00E+00
Parameter Hean Value
ph: 7 .63
Sp.Cond: 2361 .4
T0C 10.12
Tax: G.01%
Time of Execution: B2/23/83

Variance

3.09E-01

1.828+0%

B.20E+00

1.5%5E-04

8730.2 es

~224-

Number of Sanmples

13
13
13

13

T Hed
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Table 2 (Cont.)

Allen Park Clay Mine

Ground Water Monitoring reta

Contemination Indicating Parameters

Well: 5-D Up Gradient

£ 8 @il beciyPewne barmling Baty &

«225=

&
bate Samcleu:  Bo-ij-5; 85-36-82 a7-14-z; =352z
Faramwtsr Lnitg
S.at1c Fegt &4S. 4% 883,12 &S .48 bud 54
wri} ¥.68 7.3z Y 1e.2
P 7,26 7,50 1¢.2
ond T3 7.87 th.2
uhs TiEZ 7,80 1.2
bvrcer of Samuign i § 4 q
Pral Va.ee ¥.&£G 7os. [ 6.2
Vai iahil 0.852-38 3.58E-04 i5t-0z 8.04cwis
Su.Janc!  vmnessca TN 2ial. 1594, Hel= o
3. Luned  vmnus/CA 2iir. 171t .
Eu.lsel  amigwsim i3 HE L) S I
Sv . Leucd  ymiowscR cidd. iPEn ifal .
PERLL oF Somples i 4 4 4
Mes: Valve [P eilz. 3 D igc+.¢
Varience B dit~Bs &.59ee5> F.EIERGE 1.1FF(3
eIl Ry/1 T & 04 éi i 1.
Tae Ry. } St le.§ FXON
Tuls "G/l Loeb 6.4 T
T4 Ayl 6.6 iy |
AeRurr $F Somuics i 4 4 4
Feat Vaive 5.0 8.5 L z6.73
Vai LanLR 6.8ier5l 3. 33g-01 2 He~40 F.a3e+d;
18%3 fysl J.§de 8.064 i.821
Tand . Myl D.31E §.042 b.ad;
TUX3 nysl 6.0iv £.8c- 8.523
T4 LD J.868 8.0z 0,432
tunlcr of Semuies ] 4 & 4
Mean Value P.0ds §.057 ¥.436
Verianece 2,926t 3.48k-54 7.5ye-g:
Semmary o Bacrgroung Bata
Parsmoter #wan Yolue Variante Hemser of Semples
B 8.4 1.84c+88 i3
Sy .Cong, 19E9.8 I hitrie id
Tok HCI L] 7o zeyt id
H¥ V.9 FIETET 02






fhilen Park Cloy Mine.

Ground Water Menitoring Data

Addivienal Waver Quality Paramevers

kell:

Dat

Stat
cop
Iron
Chla
Sulf
Sp.
Sp.
Sp.
Sp.
pH 1
pH 2
prt 3
pH 4

T0C

Caic
Saog:
Kagn

bica

tc

rrde

ate
Conavctance
Cunducrance
Cunductence

Conductance

[V

4

lLUm

ur

eTlvR

rbonate

2-D Down GCradient

g Sampleq:

urhos/ m
emhos/cm
vahos/cH

vrhes/cm

ag/l
mg/l
Myl
g/l
ag/l
mg/l
R/l

Rg/1

AmRonia-Hitragen mg/l

Hitregen-Nifrate mo/l

Nitregen-Hitrive mg/l

Fhen
Chre
Cidn
Lead

Nap t

els

LR

1uR

halene

Ag/l
ag/l
mg/l
np/l

g/l

Tine of Execution:

bE-1e~81

118.
168.
200.
§.500
9.109
0.002
¢.048
(0.018
0.24b

(0,830

Bo/19/84

164§ 3 sdt Tue

226~

Attachment 16






allen Park Elay Rine

Greend Beter Aonltoring Data

pddiviens] Bater Quality Fareseiers

Dete

well:

Sampled:

Perameter

Iron

Chloride

Sulfaie

Sp. Cenauvctance
Sp. Cenductance
Sp. Conductance
Sp Conguctence
pri |

pH 2

ph 3

pH &

TOC 1

ToC 2

TEC 3

ToC &

Celcivm

Sediun

Hagreslem
Bicarbonate
Amngnla-Nitroegen
Kitregen-Nitrate
Nxtroqen-ﬂ:triie.
Phenols

Chremiun

Cadmius

Lead

Mapthalene

vRhus/Cm
UANES ‘LA
umhes/cnr

LU YA

g/l
mg/l
g 1
ng/l
mg/l
ng/l
mg/ L
Rg/l
rg/1
Ag/l
A/l
Ag/l
g/l
rg/1
Mg/l

rg/l

Time of Erxecutian:

05-ps-B2

39%.61

10.010

0.004
b.05e
0.823

0.093

Be/19/84

2D Down Gredient

87-14-B

b0 .68

§.84u
170 .

1600,

KLETTR

287%.

7.73
7.7
3.00

S. 0

110,

6.010

4.004
6.010
.00

8.030

1U-2o-b.

s50i .64

0.4yt

i79.

{0.018

(6.004
B 0ie
(0.003

0.010

1840 .3 eds Tue






Allen Park (lay Hine

Lround Buter Rueniter ng Date

Auditional Weter Quaelil p Parsmeiers

dell:

Pete Sampled:

Static

0o

Iron

Chlorige
Sulfare

Sp. Conductance
Sp. Conductence
Sp. Conovctance
S5p. Conductlance
pH 1

pn

L

pH 3

pH 4

T0C ¢

1oc 2

10 3

Tac 4

Celcium

Sodiuvm

Magresium
Bicarponate
Ammonia-Nitregen
Hitrogen-Nitrate
Hitrogen-Nitrite
Prencls

Chromium

Cedmium

Lead

Hepthelene

umhes/cm
wmhos/CA
yrheés/ LA

wmhas/CR

mg/}
mg/l
NP
mysl
rg/l
LITA!
AaQ/ 1
ng/l
Rg/1
g/l
wg/1
rmg/l
ag/l
mg./1
my/ 1

®g/}

Time of Executien

04-20-83

olbl 7¢

e 19/64

2= Down Gradient

Oa-Za-iL

olib.a?
1ic.
.26
1vu.
2.
2700
2800 .
2a00.

2600 .

b.040

(.82

(0.0ch

0. 440

1840.3 edt Tue

228






Para

Bilen Park Lley Ming

whuung Bater Benttoring Date

Bdoitiens! Beter Quelity Puremelars

Bell:

Par

metar

Stat
Cot
iren
Chle
Sulf
Sp
1]
S¢
Sp
pH 1
BH Z

gpr 3

ToL

Calc
Sedi
Hagn

Bics

b

ride

ate
Cenductence
Lencectance
Condvitancae

Cendutienc @

L8]

]

LeR
'L
ealep

rhenate

2=D Down Gradient

e Seapled.

ARGl

vmhev/CR
wmhos /LR
VANBE LA

vANEL LA

mg ]
Rg-i
ago 1
mg-l
wg'l
ng/l
ag/ 1

ng 'l

ArRenla-MiLTtregen Ay/l

Hitregen-Hairate mg/l

Kitregen-Hitr te mry/l

Phen

Chre

els

ALUA

Cadmivn

Lesd

Mept

halene

Time of £

A/l
g/l
wg/l

Rg/l

igtutien.

4-17-B4

114
1%
174.
2elbb.

2600,

7.6l

281,

(0828

Bo/15/B4 BYI3. 0 edt Fra ~225-






Allen Park Lley Mine
Lrevnd Baver Kenivoring Data
Auditionel Water Quality Farameters

weil: S-D Up Cradient

Dete Sampled: OB-10-Gt

Parameter Unite

Static Feer  buS. 9
cob mg/l 3.80
Iran Mg/l (0. 03i
Chleride iyl jch.
Sulfaete mg/l 24y,

S5p. Lenducvance wmhon/cnm 1220.
Sp Conguctance umhos/cm
So Conductance umhos/CR

Sp Cenductence wumhds/ch

pr 1 g.60
pe 2

a3

pH 4

TO0C 1 na/l ¢.80
T0¢ 2 g/

Tl 3 Ay -

16C 4 ng/1

Calcium my/l 18.8
Sodiun my/i 108,
Fagriesium ng/l 160,
BICJFDQHJIE- Ryl 673,
Aamoria-Nitregen rg/l 6.300
Ritrogen-Hitrate mg/l {9,002
Hitrogen-Mitraite mQ/l 0.104
Phenels ng/l 8.2
Chromium ng/l (0. a8
Cadmiur my/l (0.026
Leed g/l 0.6%0
Rapthelene ag/l

Timne o¢f Execution: 06/19/84 1830 % eat Tue

=P AN e






Parameter

Sratac
cob

Iron
Chleraide

Sulfate

Allen Park Clay Rine

Greenu Bater HMonitering Dats

Addrrienal Water Quality Parametler s

Bell:

Date Sampled:

ARG/l

Sp. Conductence wumhosS/CH

5p. Conductence vumhes/cm

Sg. Comductance wmhis/cm

Sp. Cenguctance wmhos/im

pH 1

pH

ra

pH 3
pH 4

TOC 1t

]
o]
m
ra

—
o
'K
(]

TOC &
Calcium
Sodium
Ragriesivm

bicarbonatre

mg/l
Mg/l
Mgl
Mg/l
ngsl
mg/l
ag/l

rRg/1

Ammonia-Nitregen ag/l

Hitrogen-Nirtrate mg/l

Ritrogen-hitrite mg/l

Phenols
Chromium
Cedriun
Lead

Hépthalens

ag/l
rg/sl
mRg/l
ng/l

rg/l

Tire of Execuiion:

5-p Up Gredient

85-0s-82

140.
190,

218,

I

N

-

6.418

(0.004
{0,005
0.006

0.018

8e/19/84

07-14-82 1u-Ze-b.!

805 .45 608 . bid

1.2¢ 0. .83y
158, tau.
260 70.0
1990 . 1765

1718. 180u
1917, 1741

1954, IEFTR
7. 44 0.2
7.50 10.2
7.67 16.2
7.60 18.2
21.0 21.0
18.0 20.0
13.¢C S Du
26.0 33.0
g&.0 188

b. 3% (G.010

(g.004 (8.004
§.01s §.019
{8.003 (8.061

(G.918 b 0y}

1048.3 edt Tue
231






Allen Park Clay Hine

Grovnd Weter Honitering Dete

addirienal Water Quality Paramerers

Bell:

Date Sampled:

Chiorioe
Suifare
S5p. Cenductance
Sp. Cenductance
Sp. Conductaence
Sp. Conductiance

pH |

T

"]
pr 3
pH 4

TG 1

Tl

(8]

TOC 4

Caicium

Seaiyam
Hagnesium
Bicarbonate

CELT U R FREE Y- 1Y
Nitrogen-Kitrate
Hitrogen-Kitrite
Phenols
Chromium

Cedmium

Leaa

Kepthalene

vAanNes./ Ch
vRhOs/ LR
emhoE/Ccm

vmhes/cm

mg/l
mg/ ]l
Pyl
ng-l
rG/1
my/l
mg/l
wg/1
ag/l
ng/l
R/l
mg/l
mg/l
mg/l
mg/l

wy/l

Time of Erecutian:

04-25-83

66/19/84

S-D Up Gradiant

0B-24-83

&05. 44

1al.

ia00.

1680

1500,

1600,

8. 80

g b

&. 08

(0.029

6.100

1448 3 ¢dt Tue






fllen Pars Cley HMine
Er ovnd Bater Ponltering Date
faditrienal Weter Buality Paremeters

well: %-D Up Grecaert

bate Bampled. 04-17-84

Parsmeter Unite

Eratic I"esr 603.93
Col LT t4.8d
Iren g/ i G.118
fnleride Byl 158,
Lulfate my/l ek

Sp. Cenducvence pmhop/im 1700

50 Cenvuilance wrhiew’ir
S Cenductence umhon/cm

S¢ Cendv.Tence wanea/im

pri 1 ?.3'.:__‘_/
ph 2

o 2

ph 4

YOC 1 LUB J. 68
Tac z LIYa]

ToC 3 i o 1

0L 4 mg /1

Celtaem R/l 11.8
Sediuva &/l 116.
Begnesium ng/l 166.
Bicarbenate ag/l 4%0.
Anmerié-Nitregen rQ/l B.600
Mitregen-bivrate mg/l {8.820
Hitrogen-Hitrite ro/l (8.020
Phenole "/l

Chremium g/ 1 (0.82¢
Cigmium By/l

Lesd wg/l

Haptnalene ry/l

Time 8 Eamcutian: B&/157B4 8931 0 est Fra






dllen Park Clay Mine

Grownd Heter Homnitering Date

Additional Beter Quality Farameters

gell: 7-D Deen Grad:ent

Pate Sempien:

Steric

oL

Iren

Chloraide
Svifatre

Sp. Conductance
Sp. Cenductence
Sp Coenductence
8 Cendvitance

pr 1

La%]

pH
pH 3
prt 4

TaC 1

Calerum

Sedium
Kagnesivm
Bicarpenate
Rrmcnla-Kitregen
Kitregen-Nitrate
Nitregen-Nitrite
Phensls

Chromium
Ladmiun

Lead

Maepthalene

Mg/l
ry/ L
ag/l
yrhos/cnm
umhas/ch
usnNgs/CA

ymhos/cm

mg/l
RG/L
gl
ag/l
Mg/l
Mg/l
ng/l
g/l
8g/i
Ag/1
rg/l
"/l
agsl
Ay /l
my/ L

ag/l

Time ef Exocution:

do-10-8t

10.0

0.01%
0.028

b, 050

&/ 19/64

1040 .3 edt Tue

23U,






&llen Park Cley Mine
Grevnd Weter HMenirtaring Data
fdditional Wever Quality Parametwrs

Well: 7-D Down Gradient

Pate Sempied: 0S5-0&-82

07-14-52

Paramerer Linate
Statnic Feet ey . 6b SBc . ba SBe . 3L
cab wg/l 200 ied 2cb.
iren mg/ 1 3.3 el 0 3.4§
Chleride mg /1 166 $40.
Sulfate mg/l gub. 1606, BbU.
Sp. Conductance vumnes/Cwm 1800. FIYER Z4al
S5p. Conductance umhas/(R
Sp. Conductence wmhos/ch
Sp. Conductance wmhos/cm
pH 1 9.80 Tu g 6.0
pH 2
pH 3
pH %
TOC 1t rg/l BN | 3.0 47 . b
Tac 2 mg/ 1
TG 2 ng/l
TOC 4 rg/l
Caltivm ng/l a78.
Sodiuem Mg/l 2ol
Hagnesivm rg/l &B.6
Bicarbonate ag/l 39.8
Ammonia-Nitragen ng/l 0.630
Nitrogen-Kitrete mg/l 0.080
Mitregen~Hitrite Rg/l G.02u
Phenels mg/1l
Chromiunr &ag/1 g.020
Cadmium Ag/l
Lead mg/l 0. 444
Mapthalene ag/l

Time of Execution: DBo/ly/84 1840.3 sot Tue

«235






Allen Part Clay Hine

Ground dWeter Honiioring Data

faditienal Waver Quality Parameters

Bell:

7-D Down Gradirent

Date Sampled:

Static

can

iren

Ehioriae

Syliave

Sp.
Sp.
Sp.
Sp
pr
ok
pH
pH

Toc

Conductance
Conductence
Conductance

Conductance

&

Calciunm

Sedium

Magnesiun

Bicerbonete

velios/ M
vARER/ (N
vmhog/CA

vahos/IR

Ag/l
mQ/l
hy i
=g/l
ng/l
mg/l
g/l

RrQ/1

Awmonle-Nitregen mg/l

Kitrogen-Witrate mg/l

Kitregen-Hitrite my/l

Fhenals

Chremium

Cadmivm

Lesd

Rapthalene

Time of £

nQ/d
my/}
ng/l
sl

mg/l

XecutLen:

0&6-24-81

130.

16.80

§.%480

0.040

(@.020

b0z

06/19/64

1640.3 edt Tue
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cop

Iren

Bller Parn Llay HMine

Groend Hater Menivering Bate

Audi1v1eng] Reter Qualiiy Parameiers

kell:

70 DBewr CGredrent

bate Semgled.

Chloride

Sulf
Sg .
Sp .
Sp.
Sp.
pr i
L
pH 3
pH &

yol

ToC

Calc
Sed.
Bagn

Brca

e

Cendectance
Canductence
Londucrence

Condwirance

Fu

[

P

ue

E3iVR

roenate

Unpits

————

feal
amy/l
Ay 'l
g/l
Ayl
emhee/Cm
(LU TS ]
vAlleL /LR

BRILB/LA

Ag’l
mg/l
Ry ‘1
®rQ/1l
Ry /)
wg/l
Ry’ 1

g/l

hamenie=HiLtrogen g/l

Hitregentitirste my/l

Kitregen—Witrite mg/l

Phen

Chre

sle

Al s

Cedmiun

Lead

Kept

helene

ry/l
mgl
wg/l
Rg/l

mg/l

Time of Erecution:

Ba-17- B4

§.%u

2@
116,
15.¢
@.0008
é.900

(9.¢20

(0.028

“23T=
Be/1L/84 8933 .8 edt Fry






Allen Fark Clay Mane

‘Grevnd Water Monitering Data

Additional Hater Quality Paramerers

Well:

18-D  Pown

Date Sampled:

Stataic

cob

Iron

Chlarice

Sulfate

Sp .
Sp.
Sp.
Sp .
pH
pH

pn

]

Coenductance
Conductance
Conductance

Canductance

T
-

4

Celcium

Sedium

Hagneslva

Bicarbonsle

vAahos/cA
umhes/ch
vehos/CR

vANss/Ca

ag/ 1
ag/l
RrysL
rRQ/1
Ag/l
=g/l
”g/ 1

RQ/Y

Ammonla-Hiirogen ag/l

Hitregen-Nitrate mg/l

Kitrogen-miirite my/l

Phensls

Chromium

Cadmium

Lea

d

Kap thalene

Ag/l
ag/ Y
mg/l
my/l

ARG/ 1

Time of Esmcuvilon:

Grad.ent

0E-18-81

7.86

¢.80%
g.018
0.02¢

0.038

la/19/84

1840.3 gat Tuae
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